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The Elastic Properties of Steel at High 


Temperatures 


? 
By GUY VERSE,? ANN ARBOR, MICH. 


This paper deals with the determination of the modulus 
of elasticity and of the modulus of rigidity of steel at ele- 
vated temperatures up to 500 C. 

Both a static and a dynamic method were used and their 
results are compared. Whereas previously most of the 
static determinations of these moduli have been made 
under increasing load, in the tests described in this paper 
they were determined under decreasing load, according to 
the method proposed by F. L. Everett. The tests show 
that within certain limits the results obtained by this 
method are practically independent of the rate of loading. 
This appears to be due to a strain-hardening effect occur- 
ring upon loading and detected upon unloading. 

The comparison between the static and the dynamic 
tests shows that the values of E, modulus of elasticity, 
and G, modulus of rigidity, determined statically under 
decreasing load are close to the values obtained dynami- 
cally. However they are somewhat lower for tempera- 
tures above 400 C. 

The values obtained for E and G by static tests under in- 
creasing load are not reliable owing to the difficulty of dis- 
criminating between the elastic and the plastic deforma- 
tion. 

The values determined dynamically are the most reli- 
able. 

The variation of Poisson’s ratio with temperature is also 
presented, the values of « being obtained by calculation 
from the values found for E and G. 


HE need for more research relating to the determination of 

the elastic properties of steel at high temperatures has been 

pointed out in recent years by many investigators and de- 
signers of power-plant equipment. 

The question, however, has been given attention for a consid- 
erable time. As early as 1877, Pisati investigated Young’s 
modulus for iron up to 300 C, and expressed his results by means 
of a third-degree empirical formula which shows a gradual de- 
crease of the modulus as the temperature rises. 

The existence of non-elastic or permanent deformations, of in- 
creasing importance with rising temperature, was soon discovered 
and many investigators have attempted to eliminate the time 
effect and determine the modulus of elasticity by measuring the 
so-called instantaneous strain. 


1 This paper is a portion of a dissertation presented for the degree 
of Doctor of Science in the University of Michigan. The experi- 
mental program was conducted in the Applied Mechanics Laboratory 
under the direction of Prof. S. Timoshenko. 

2 Associated with Sté. Ame. des Ateliers de Construction Mécan- 
ique de Tirlemont, Belgium. Dr. Versé was graduated from the Uni- 
versity of Brussels, Belgium, in 1931, with the degree of Ingenieur 
Civil des Mines. He devoted two years to graduate studies at the 
University of Michigan as holder of a fellowship of the Commission 
for Relief in Belgium Educational Foundation, Inc. 

Contributed by the Applied Mechanics Division and presented at 
the Annual Meeting, New York, N. Y., December 4 to 8, 1933, of 
Tur AMERICAN Society OF MECHANICAL ENGINEERS. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


Further, when the phenomenon of the continuous creep of 
metals at high temperatures was discovered, the attention of the 
investigators became focused on the determination of creep char- 
acteristics and it appeared to many that it was impossible to ar- 
rive at any definite value for the modulus at high temperatures. 

In researches undertaken at the Westinghouse Research 
Laboratories in 1923, S. Timoshenko found that if the material 
be previously loaded and an appreciable strain-hardening pro- 
duced the rate of creep occurring under a load smaller than this 
initial load was considerably reduced. This takes place to a 
sufficient extent in some cases, to permit the determination of 
the elastic deformation with reasonable accuracy. It will be 
shown that this phenomenon can be explained on the basis of the 
ordinary creep curves. 

F. L. Everett,’ in his determinations of the modulus of rigidity 
of a medium-carbon steel up to 500 C, used the original scheme of 
determining the modulus on unloading rather than on loading. 

Because of observations by Honegger,* of the Brown, Boveri & 
Co., Switzerland, it was felt that an investigation of the possi- 
bilities and limitations of this scheme would be of value. Dy- 
namic determinations of the moduli have been made also and their 
results compared with those obtained statically. 


Testing EQUIPMENT AND TEST PROCEDURE 


(1) Static Tensile Tests. A sketch of the apparatus used for 
the static tensile tests is presented in Fig. 1. Its principle can 
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TensILe Test APPARATUS 


readily be seen, namely, the specimen is in the form of a wire 
rigidly fixed at both ends and loaded at the middle. The deflec- 
tions of the middle-point under various loads are measured by a 
cathetometer. The heating of the specimen is produced by an 
electric current passing through it and its temperature is deter- 
mined by measuring its electrical resistance. 

A number of considerations lead to the adoption of such a 
scheme: 


(a) The system is one of great simplicity involving no deli- 
cate measuring device 

(b) No part of the measuring instruments is subjected to 
high temperature 

(c) Measurement of an elongation of 1.5 X 10~° is obtained 
by using an instrument with no greater sensitivity than 
a cathetometer. This is due to the fact that small 


3 Strength of Materials Subjected to Shear at High Tempera- 
tures,” by F. L. Everett, Trans. A.S.M.E., vol. 53 (1931), paper 
APM-53-10. 

4“The Modulus of Elasticity of Steel at High Temperatures,” by 
FE. Honegger, Brown Boveri Review, vol. 19, no. 5 (1932), p. 1. 
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elongations of the wire result in appreciable deflections 
of the middle-point 

(d) The method of heating is very simple and the specimen 
reaches the required stable temperature in a short time.® 


The electric current was supplied by a large battery set kept on 
charge during the entire test. In order to prevent air currents 
from producing temperature variations and to cut down the ra- 
diation, asbestos tubing was placed around the wire. 

The stress and the strain were easily calculated from geo- 
metrical considerations, admitting that the shape of the loaded 


Fie. 2 Torston Trust APPARATUS 


wire is composed of two straight lines forming an angle at the 
loading point. A relatively large initial sag, at least one-tenth 
of the span, was thus resorted to. 


The load was applied and removed by steps at the following 
rates: 


about 2500 lb per sq in. every 3 min 
about 2500 lb per sq in. every 5 min 
about 2500 Ib per sq in. every 10 min 


5 From the experiments of H. L. Dodge, Physical Review, vol. 2, 
series 2, p. 431, in which the heating was produced alternately by an 
electric current and by external source, it has been proved that heat- 
ing by electric current has no effect other than that caused by the 
accompanying temperature rise. 


The measurements of the deflection were taken 10 sec after the 
application of the load and at the end of the loading period, that 
is, 3 minutes, 5 minutes, or 10 minutes after the application of the 
load, depending on the rate of loading. 

(2) Static Torsion Tests. The apparatus used in making the 
static torsion tests was designed by F. L. Everett for his re- 
searches on the strength of materials submitted to shear at high 
temperatures. The essential features of this machine are shown 
in Fig. 2. A description of it will be found in a paper presented 
by Dr. Everett.* 

The load was applied and removed by steps at the following 
rates: 

1575 lb per sq in. every 2 min 
1575 lb per sq in. every 5 min 
1575 lb per sq in. every 10 min 


Measurements of the shear strain were taken 10 seconds after 
the application of the load and at the end of the loading period. 

(3) Dynamic Tensile Tests. In the dynamic tests, the 
values of EZ and @ were arrived at by determining the period of 
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Fie. 3 Apparatus TO Mnasurp G DyNAMICALLY 


free longitudinal and free torsional vibration of a wire. Since 
the stresses were kept very low it is considered that the amount 
of plastic deformation taking place in each cycle was negligible. 
Thus the moduli of elasticity and of rigidity were calculated from 
the observed periods of free vibration by the well-known formulas 
based on Hooke’s law of elasticity. 

For the dynamic tensile tests the same apparatus as for the 
static tension tests, and shown in Fig. 1, was used except that the 
horizontal plate of the damper was replaced by vertical fins. 
The wire, loaded at the middle, is given a first vertical impulse 
and the free vibrations so produced are recorded on a drum ro- 
tating at a known constant speed. The period of free vibration 
can thus be measured on the record. 

The method of heating and of measuring the temperature are 
the same as for the static tensile tests. 

(4) Dynamic Torsion Tests. The principle used for the de- 
termination of the period of free torsional vibration involves the 
apparatus shown diagrammatically in Fig. 3 and is as follows: A 
couple is applied at the lower end of a wire hanging vertically and 
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held fast at the upper end. This couple is suddenly removed 
by burning the strings at A and free torsional vibrations result. 
The period of these vibrations is measured by a stop-watch. 
The specimen is heated by passing electric current through it. 
Its temperature is determined by measuring its electrical resis- 
tance. The temperature difference between the top and the 
bottom of the specimen is minimized by the use of a thin copper 
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sheet inside of a glass tube surrounding the wire with asbestos 
blocking the openings of the tube. Besides, there is an averag- 
ing effect along the wire in both the measurements of the tem- 
perature and of G. 


MatTERIAL TESTED 


For the static and dynamic tensile tests and the dynamic tor- 
sion tests, the specimens were in the shape of a wire 0.0307 in. 
in diameter and made of carbon steel of the composition: 


Carboni. sin emir oelesiacre 0.43 per cent 
Manganese: vaten.s 0.050 0.86 per cent 
Sulphur verses cieeoe 0.038 per cent 
PHOSDUOMUS en ener 0.018 per cent 
SL CON eave teat tercsie eres 0.135 per cent 


The wire for these tests was annealed before testing. 
The static torsion tests were made on tubular carbon-steel oe 
mens of the following composition: 


Garbonin. nsesie: aerccs. ae 0.34 per cent 
IVPAN PANESE ys i ereraleyersie)s 0.80 per cent 
Sulphursc saa aesnent 0.03 per cent 
Phosphorus ied sisal 0.02 per cent 
SIH COM cence esrerctere he ans 0.10 per cent 


The specimens for the static torsion tests were fully annealed by 
heating to 900 C before testing. 


ReEsvu.ts 


(1) Static Tests. The tension tests as well as the torsion tests 
show that in determining the moduli of elasticity and of rigidity, 
it is of decided advantage to operate under decreasing rather than 
under increasing load. 

The diagrams, Figs. 4 and 5, for shear at 450 and 500C are 
characteristic also of those obtained for tension. It seems that a 
strain-hardening effect occurring on loading and detected on un- 
loading tends to reduce considerably the amount of plastic 
deformation taking place in unit time under a certain stress. 

It was found also that, within the range of loading rates pre- 
viously mentioned, the values obtained on unloading for the 
moduli were independent of the rate of loading and unloading. 
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This results in a more reliable determination of the moduli and 
it is felt that the values obtained under decreasing load are more 
nearly the physical constants for the material. 

The strain-hardening effect is not sufficient, however, to per- 
mit an accurate determination, for medium carbon steels, of the 
moduli at temperatures above 500C. It is felt that for such tem- 
peratures it is better to resort to dynamic tests. 

This strain-hardening effect can be explained on the basis of the 
well-known deformation-time creep curves. It can be seen from 
Fig. 6 that the step-loading and unloading process used in our 
experiments can be represented, as far as creep rates are con- 
cerned, by thelineOABCDEFGHIJKLMNOPQRS. 
It can be noticed that, under such a stress as oz, the rate of creep 
CD on loading is much larger than the rate of creep OP on un- 
loading. The restriction ‘‘as far as creep rates are concerned” has 
been made because the line 0AB—QRS does not give the actual 
amount of elongation of the specimen after each step. It is 
easily seen that upon unloading from the stress a; to the stress o4 
the contraction will not recover the plastic deformation /’J 
undergone from J to J. Now, even considering the creep rates 
only, the line 0AB—QRS is not accurate. Various investigators 
of the question of creep, Dr. Everett? for instance, have shown 
that the rate of creep under a definite stress is much more a func- 
tion of the total amount of deformation than of the time. In 
other words, the total amount of deformation after unloading 
from o; to o4 will not be 7K but 7K’, and the rate at which creep 
will take place under o, will not be given by KL but by L’L” 
which is smaller. At the second step of unloading, o4 to os, the 
decrease of creep rate is even larger being from MN to N’N”. 
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TABLE 1 VALUES OF Z AND G DETERMINED STATICALLY 
Modulus of Modulus of 
elasticity Fig city 
Temp, lb per sq in. Temp, lb per sq in, 
deg (millions) deg (millions) 
25 29.9 25 11.53 
220 27.5 300 Ld 
300 26.9 350 10.7 
400 24.5 400 10.0 
460 23.0 450 9.15 
Sere 500 7.9 


TABLE 2 VALUES OF Z AND G DETERMINED DYNAMICALLY 


Modulus of Modulus of 
elasticity rigidity 
Temp, lb per 8a in. vee: lb per sq in, 
deg (millions) deg (millions) 
25 30.2 25 11.55 
220 28.4 290 10.9 
310 26.9 387 10.3 
395 25.7 430 9.73 
462 24.2 500 8.5 


oValues determined statically 
+Valves determined dynamically 
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Fig. 9 VARIATION oF » WITH TEMPERATURE 


The values of H and G, determined statically, are given in 
Table 1. 

(2) Dynamic Tests. The results of the dynamic tests proved 
to be more consistent and accurate than those of the static tests, 
especially at temperatures above 400C. The cause of this is 
believed to lie in the fact that the stresses having been kept small, 
the amount of plastic deformation taking place in each cycle was 
negligible. 

The values of H and G determined dynamically are given in 
Table 2. 

The values of the ratio E:/H2;c as obtained from both static 
and dynamic tests are plotted against the temperature in Fig. 7. 
It appears that, for temperatures above 350C, the values of 
E./Exsc when determined. statically are somewhat lower than 
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- when determined dynamically. The values of the ratio G:/ Gasc 


as obtained from both static and dynamic tests are plotted against 
temperature in Vig. 8. Again it appears that the values of the 
static ratio are somewhat lower than the values of the dynamic 
ratio for temperatures above 400 C. 

(3) Variation of Poisson’s Ratio With Temperature. The 
theory of elasticity shows that Poisson’s ratio u is related to the 
modulus of elasticity # and the modulus of rigidity G as follows: 


E 
See 
2(1 + u) 
or 
Se 
t= 3G 


From the values of # and G determined dynamically, the values 
of » at various temperatures have been calculated. Although it is 


TABLE 3 VARIATION OF POISSON’S RATIO WITH 


TEMPERATURE 
Modulus of Modulus of 
elasticity ridigity 
E, F Poisson’s 
Temp, lb per sq in. lb per sq in. ratio 
deg (millions) (millions) 7 
25 30.2 11.55 0.307 
220 28.4 11.4 0.246 
300 27.2 11.05 0.23 
350 26.3 10.6 0.24 
390 25.8 10.23 0.255 
425 25.1 9.77 0.283 
460 24.2 9.18 0.318 


fully realized that this method of calculation of u cannot give 
very accurate results it is felt that it is interesting to present the 
results of these calculations (see Fig. 9). It is realized also that 
these findings are not in agreement with the results obtained by 
Carrington. The numerical values are presented in Table 3. 


CoNCLUSIONS 


The comparison between the dynamic and the static tests shows 
that the values of # and G determined statically under decreasing 
load are practically independent of the rate of loading and are 
close to the values obtained dynamically. However, they are 
somewhat lower for temperatures above 400 C. 

The values obtained for # and G by static tests under increasing 
load are not reliable, owing to the difficulty of discriminating be- 
tween the plastic and the elastic deformation. 

It is, therefore, the author’s opinion that for the determination 
of the moduli at high temperatures dynamic tests should always 
be resorted to. For the application of these results to the calcu- 
lation of static constructions, such methods as the one presented 
by K. Baumann’ should be used in order to take into account the 
plastic deformation. 

Additional experiments are necessary to reach a definite con- 
clusion as to the variation of Poisson’s ratio with temperature. 
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The Calculation of the Dispersion of Flue 
Dust and Cinders From Chimneys 


By HUBER O. CROFT,! IOWA CITY, IOWA 


The dispersion of flue dust from a chimney depends pri- 
marily upon: (a) the velocity of the flue gas in the chim- 
ney; (b) the size and weight of the particle; (c) the height 
of the chimney; (d) the wind velocity; and (e) the aero- 
dynamic resistance of the particle. The value of the last- 
mentioned quantity is usually the most uncertain of these 
variables and is usually obtained from Stokes’s equation. 
Comparisons of different equations for the fluid resistance 
to falling particles are made in the following article and a 
new equation is suggested. Using this latter equation 
and assuming values of the other variables mentioned, a 
method is demonstrated for calculating the annual dust 
loading at different distances from a chimney. 


dust from the flue-gas stream by mechanical, hydraulic, 

or electrical methods, but little has been written about 
the disposal of that dust and ash which actually reaches the 
chimney. It is the purpose of this paper to examine the aero- 
dynamics and mechanics of dust-carrying streams and by making 
certain assumptions, predict approximately what dust particles 
will be carried up and discharged by a chimney, and further, at 
what distance from the chimney these particles will be deposited 
on the earth. 


M UCH has been written concerning the separation of flue 


RESISTANCE OF FALLING BopiEs 


Heretofore, it has been customary to determine the frontal 
resistance of falling bodies from Stokes’s equation or Allen’s equa- 
tion. In this paper, a new equation is suggested which is the re- 
sult of the study of numerous falling-body experiments both in 
liquids and gases. 

After the resistance relation has been determined, the time of 
fall of a particle from a given height may be predicted. Hence, 
knowing the height of fall and the time of fall, and assuming a 
wind velocity, the distance a particle can be carried horizontally 
may be calculated. 

Considering a particle falling in still air, the force tending to 
cause the particle to fall is that of gravity minus the buoyancy of 


the air. This is opposed by the frontal resistance of the particle, 
or air friction due to motion. The net force of gravity F can be 
expressed : 


1 Head of department of mechanical engineering at the Univer- 
sity of Iowa. Mem. A.S.M.E. Professor Croft was graduated 
from the University of Colorado in 1918 and entered the Air Service 
at Post Field, Okla. From 1919 to 1921, he was employed by Swift 
and Company and Durbin Van Law,in Denver. From 1921 to 1927 
he was a member of the faculty of the University of Illinois, where he 
obtained his M.S. degree. In 1927 he became a member of the 
faculty of Stanford University, and in 1929 was appointed to his 
present position. Professor Croft has been employed by the City of 
Saint Louis, the Public Service Company of Northern Illinois, and the 
Murray Iron Works. He is a member of the A.S.M.E. Power Test 
Code Committeé No. 21. 

Contributed by the Fuels Division and presented at the Semi-An- 
nual Meeting, Denver, Colo., June 25 to 28, 1934, of Tam AmMpRICcAN 
Society or MecHanicat ENGINEERS. 

Norte: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


where F is the net force of gravity, poundals; d is the diameter of 
the particle, ft; g is the acceleration of gravity, ft per sec per sec; 
6 is the unit weight of the particle, lb per cu ft; and p is the 
unit weight of the air in lb per cu ft. 

The resistance P of the particle to motion due to air friction can 
be defined by the equation 


where P is the air resistance due to motion, poundals; /f is the 
resistance coefficient, a pure number; d is the diameter of the 
particle, ft; p is unit weight of the gas, lb per cu ft; and V is the 
velocity of the particle, fps. 

A falling particle will decelerate rapidly until such a velocity is 
reached that the net force pulling the particle downward will be 
just equal to the air resistance to motion of the particle; in which 
case a constant and maximum downward velocity is obtained. 
This condition can be expressed mathematically by 


mn ds a\t 
= 6 g (6 — p) IP (2) Tall Goatees [3] 
4dg (6—p) 
rf= Fie 1h an iE a a [4] 


where f is the friction coefficient when the maximum velocity is 
reached. 

This maximum, “‘free-fall,”’ velocity is known as the “end 
velocity’ or “terminal velocity.’”’ At such a condition the 
frontal resistance of the particle is just equal to the force of 
gravity. 

If conditions were reversed, and the atmosphere were to move 
upward with a speed equal to the end velocity of a particle, the 
particle would then be supported at a constant elevation by the 
air velocity. 

This end velocity, then, is also the minimum velocity of an up- 
ward, vertical, wind stream supporting a given particle. A 
greater wind velocity than the terminal velocity would carry a 
given particle upward, because the upward force due to frontal 
resistance is greater than the force of gravity acting downward 
upon the particle. 

The resistance coefficient, as defined by Equation [2] for regu- 
larly shaped bodies, such as spheres, disks, etc., has been studied 
by many physicists and engineers. 

The variation of the resistance coefficient is usually most con- 
veniently demonstrated by plotting this coefficient f as ordinate 


p ; : 
= R, as abscissa, where yp is the 


d 
and Reynolds’ number, 
a 


absolute viscosity, Ib per ft-sec, and the other symbols are the 
same as already indicated. 

These relations between the resistance coefficients and Reyn- 
olds’ numbers R are shown in Fig. 1 together with paths of 
equations expressing certain well-known resistance laws. 


6 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


4 5 o7 80 


2 3S 4 BOTS9IO 2 


2 B 4 5 o 7 Ho1 2 a . 
° 
8 
7 

53 Fa 
: 5 
= E + 
eess i 

Es 
Hani: le 
tre 
nin 
- ul 1 
4 ° 
6 
7 
SEatiaal ° 
; 6 
S 4 
~ so 
le 
~ = \3 
7] bl 
-~ ‘ 
o 
SE is 
— “ 
= 8 
+ 
THN iu IN 
MO It u i "1 - 
2 3 ¢ FG 67TB8Ot 2 3 4 667891 2 3 ¢ BOT 88s 


Fic. 1 Varration or ResisTANCE COEFFICIENT f WITH REYNOLDS’ NuMBER & ror SPHERICAL SHAPES 
(Curves 1, 3, and 4 are from various wind-tunnel experiments for spheres up to 20-cm diam; curve 2 is for free-falling experiments of spheres from 


20 cm to 30 cm diam made of wax, rubber, and wood (3); curve 5 shows the results of experiments by Wieselberger; curve 6 shows the results of falli 
steel spheres by Liebster (4); curve 7 is for spheres; curves 8 and 9 are for cinders and fly-ash by Rosin and Kayser (5); and 10 gives Allen’s results (2). 


ng 


Numbers in parentheses refer to similarly numbered references at the end of the paper.) 


The graphs include results obtained from a large number of 
experimental determinations made with a great variety of par- 
ticles varying from the resistance of a sphere 20 cm diam, fixed in 
a wind tunnel, to free-falling rubber spheres about 20 em diam, 
and very small spheres in liquids, and cinders in air. 

Graphs are also shown for the well-known equations for the 
gravity separation (sedimentation) of very finely divided particles 


in liquids. For example, from Stokes’s law (1)? 
Pair GV. kis. cs onset oe [5] 
58 Bey rene set (6) 
-epVyi ay Eo 
From Oseens’ equation (1) 
P=37dV (: ae n) (7] 
= Tv eee {ON armoire cet) case 
16 
8P 24 3 
Stee inal See al Pele Mis eS 
md? p V2 al A [8] 


From Newton’s equation 


From Fig. 1 it is seen that apparently there isa distinct connec- 
tion between resistance determinations on fixed spheres, and the 
gravity settling of very small particles in liquids as expressed by 
Equations [5], [7], and [9]. 

It is further seen that a “critical region” is apparently reached 
when R = 100,000 + similar to that in the flow of fluids in pipes 
when & = 2000 for the pipe condition. 

The usual practise in work of this nature for obtaining the 
friction factor f has been to use different expressions for f for 


2 Numbers in parentheses refer to similarly numbered references at 
the end of the paper. 


different ranges of 2; for example, Kirkup (6) uses Stokes’s Equa- 
tion [6] (curve 11, Fig. 1) as a basis for R < 8; Allen’s Equation 
[9] (curve 14, Fig. 1) from R = 8 to 450; and Newton’s Equation 
{10] (curve 13, Fig. 1) for R > 450. 

It is the author’s opinion that a single Equation [11] (curve 15, 
Fig. 1) can be used up to R = 2000 without great error. This 
curve, represented by the heavy line in Fig. 1, has been so drawn 
that it approaches the curve of Stokes’s equation at small values of 
R, since Stokes’s equation is confirmed experimentally for condi- 
tions at small values of R. 

The equation representing these average conditions is 


f= = (Dae Gira eh A ee ee [11] 


From Fig. 1 it would seem that this equation would give en- 
gineering accuracy up to values of R = 2000. 

Equation [11] and Stokes’s Equation [6] result in approximately 
the same value for f and end velocity up to about R = 1.0 (com- 

3 Schiller and Naumann (7) from less general data express this 


relation for R < 800as: f= = (1 + 0.15 R°-878), 


Fie. 2 VartatTion or Loe fR? Witn Loe R 
(Value of f as obtained from Equation [11].) 
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DATA AND METHOD FOR FINDING END VELOCITY 
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values of R, however, Stokes’s and Allen’s equations result in lower 
values of f and, hence, greater end velocities. For example, 
when & = 400 (with a 1000-micron particle), the end velocity by 
Equation [11] is approximately 19.6 fps, while the end velocity 
from Stokes’s Equation [6] is 196 fps for this same diameter. 

The relations between f and R for values above R = 2000 are 
rather indefinite because apparently a critical range has been 
reached in which unstable flow conditions are obtained. 

The relations obtained from Fig. 1 between f and R can be 
transposed to be of great help in the computations involved. 
From Equation [3], representing the terminal velocity condition 


If both sides of the above equation are multiplied by p?/v?, 
where v is the kinematic viscosity, we have 


4gd3 (= 
3v? p 


Equation [13] is useful because the problem is: With a 
particle of a given diameter and density falling in a gas of known 
density and viscosity, what is the terminal velocity? Since the 
factors in the left-hand side of Equation [13] are known, the value 
of fR? can be calculated, and, by referring to Fig. 2, the proper 
value of R can be determined from the above value of fR? and 
since 
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Fie. 3) VARIATION oF Enp Vetocity or AsH IN FLur Gas 
WiTH THE DIAMETER OF THE PARTICLE 


Values for end velocities of different sized particles in flue 
gas, calculated by this method, can be obtained directly from 
Fig. 3, which was plotted from the results obtained from the data 
of Table 1. 

The maximum sized particle which can be carried upward by 
a given flue-gas velocity may also be determined from Fig. 3, 
since the end velocity determined from this graph is also the 
flue-gas velocity required to support the particle at a fixed 
elevation. 

Any gas velocity greater than the end velocity will tend to carry 
the particle upward and out of the chimney; conversely the 
particle will fall for any gas velocity less than the end velocity. 


Time oF Fai or Aso ParticLE WHEN DISCHARGED BY 
CHIMNEY 


In order to calculate the time required for an ash particle to 
fall vertically from the height as discharged by the chimney, 
certain assumptions are made, namely: 

(a) The upward velocity of the particle in the chimney may be 
considered (U — V), where U is the flue-gas velocity, fps, and V 
is the end velocity of the particle, fps. 

(b) The upward force of the flue gas becomes negligible 
when the top of the chimney has been reached. 

(c) The temperature and the pressure of the surrounding air 
is constant at 70 F and 14.7 lb per sq in., respectively, for the 
height of the chimney. 

(d) The ash particle is similar to a sphere in shape and the 
diameter of this sphere is the clear distance between the meshes 
of a screen when meshes are indicated. This assumption is 
warranted by the results of Rosin and Kayser (5) (curves 8 and 9, 
Fig. 1) where this approximation is utilized. 

The method of making the calculation is best demonstrated by 
Table 1. 

Referring to Table 1, item 1 is the approximate screen mesh 
corresponding to the diameter of the particle in microns (1 » = 


3.28 X 10-® ft, or 800 hp = in.). Item 3, the particle density, 


32 

is varied according to the size (8). 
Equation [12]. Item 6 is the logarithm of item 5. Entering 
Fig. 2 at the value of item 6, item 7 is determined. Item 9, 
calculated from Equation [14], is then the desired terminal 
velocity of the ash particle for the condition given in the footnote 
of Table 1. Item 10 is the terminal velocity of the same particle 
in air at 70 F and 14.7 lb persqin. The values obtained from 
Table 1 are shown plotted for convenience in Fig. 3. 

In Table 2 are shown the remaining calculations required for 
determining the time of descent for the ash particle. This table 
has been calculated for a flue-gas temperature of 300 F. A flue- 
gas temperature of 600 F alters the final result less than 1 per cent 
from that of the same gas at 300 F. 


Item 5 is calculated from 
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TABLE 2 TIME OF FALL FOR DIFFERENT STACK VELOCITIES AND HEIGHTS 
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Fig. 4 Time or FALu ror Aso PARTICLES FOR DIFFERENT Stack HerGuts AND Stack VELOCITIES 
(Avg stack temp = 300 F. Air temp = 70 F.) 


Chimney velocities of 10, 20, 30, and 40 ft per see and chimney 
heights of 50, 100, 150, and 200 ft have been chosen. 

Referring to Table 2, item a is the net velocity of the par- 
ticle up the chimney, that is, the flue-gas velocity indicated 
minus the terminal velocity of the particle in the flue gas (item 9, 
Table 1). 

Item b represents the time required for the particle propelled 
from the chimney to reach the maximum height above the 
chimney or when the vertical velocity of the particle becomes zero. 
This is obtained from the equation of falling bodies: V = 
—V’ + 32t. 

When V = 0, V’ = the velocity of the ejected particle, 
item a, and ¢, item b, is the required time in seconds. This is an 
approximation, neglecting the resistance of the particle which 
introduces a negligible error in the time of fall. 


Item c is the maximum height above the chimney to which 
the particle rises and is obtained by multiplying the average 
velocity of the particle by the time in seconds. Thus, h = 
av) 

2 
and ¢ are assumed to be constant for particles smaller than 10 
microns and at the values given for 10 microns without the 
introduction of appreciable error. : 

Item d, the total height through which the particle falls, is the 
sum of the chimney height plus item c. This method of calcula- 
tion does not consider the time required to accelerate the falling 
particle up to the end velocity, but the error involved is negligible. 

Item e, the time required for the particle to fall to earth, is the 
total height, item d divided by the end velocity in the air (item 
10, Table 1). 


t, where V = 0 at maximum height. Items a, b, 


FUELS AND STEAM POWER 


The results given in Table 2 are shown plotted in Fig. 4. 

For convenience, Fig. 5 illustrates the distance to 
which different sized particles are carried for different 
wind velocities: If the chimney is 100 ft high, the chim- 
ney velocity is 20 ft per sec, the average flue-gas tem- 
perature is 300 F, and the outside air temperature is 
70 F. Other data used are the same as in Table 1. 


Particle 
Diameter 


5Mph.| to Mph. 
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TABLE 3 Re UEION AND YEARLY DUST LOADING BY CARRYING 
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The distance a particle is carried is determined by 
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multiplying the wind velocity in ft per sec by the fall- 
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ing time (obtained from Fig. 4) in seconds for the 
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proper particle size and chimney height. 
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APPLICATION OF THE RESULTS 
50,000 
A practical problem will now be solved by the use 


of the foregoing plotted data, showing the methods of approach. 

The following data assumed are in no way to be considered an 
accurate representation of the performances of the different types 
of firing, or dust-separating equipment. These data are used 
merely to demonstrate a method of attack. 

The assumed data are: Chimney height = 100 ft; chimney 
velocity = 20 ft per sec; chimney-gas temperature = 300 F; 
average wind velocity = 5 mph or 10 mph; size of unit = 50,000 
kw; Ib of coal per kwhr = 1.7; carry-over for stoker = 5 per cent 


of the coal fired; and carry-over for pulverized fuel = 6 per cent 
of the coal fired. 
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Fie. 5 Travewu or Aso ror DIFFERENT WIND SPEEDS FOR A 
100-Fr Stack 
(Avg gas temp = 300 F. Avg airtemp = 70 F. Stack velocity = 
20 fps.) 


The assumption is also made that all of this carry-over will be 
discharged by the chimney in order to calculate the worst condi- 
tion of loading, although some of the larger sizes would probably 
be deposited in the breeching and chimney, especially if no in- 
duced-draft fan is used and low breeching velocities exist. 

The assumed percentage by weight of the various sizes of the 
carry-over and the assumed efficiency of the separator for each 
size as well as the resulting calculated yearly loading at different 
distances are given in Table 3. 

The distance that the particle is carried was obtained from 
Fig. 5. 

The dust loading per square foot per year given in Table 3 was 
obtained by using the distance carried for the largest particle 
as a radius with the chimney at the center and assuming an equal 
distribution of the dust for that size over the area of the circle 
formed. 

The distribution of the dust for the next larger size was deter- 
mined by using the distance carried for this sized particle as 
a radius of a circle with the chimney at the center, subtracting 


44700 
kw. Unit; 17 lb. coat/kw-hr. Chimney Velocity=Z0 ft./sec. 


the area covered by the next larger size, and dividing the total 
weight of ash for that size by the annular area so formed. 

It should be noted that doubling the chimney height has ap- 
proximately the same effect as doubling the wind velocity. 
Therefore, in Table 3 (for a 100-ft chimney), the column headed 
“10 mph” indicates what might be expected with a 5-mph wind 
with a 200-ft chimney. 

In considering the yearly dust loading indicated by Table 3, 
it is interesting to note that the yearly rate of erosion is approxi- 
mately 0.03 Ib of earth per sq ft (9). 


CoNcLUSIONS 


(1) An equation for the resistance of particles is derived 
(Equation [11]) which is useful over the entire range of particle 
sizes usually found in cinders and fly-ash. 

(2) A method is demonstrated for calculating the distance an 
ash particle of a given size may be carried from the top of a 
chimney with a given wind velocity. 

(3) By making certain assumptions, a method of calculating 
the yearly dust loading at different distances from a chimney is 
advanced. 
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Discussion 
T. A. Marsu.t The Department of Smoke Abatement of the 


City of Chicago has given much attention to atmospheric condi- 
tions, not only in the matter of visible smoke, but also of fly-ash 
and dust, over a period of years and has thereby been able to draw 
conclusions and to submit some very definite facts. 

It has been our observation that many dust-fall determinations 
have been unreliable and often misleading, due sometimes to the 
method of making these observations, and at other times to such 
factors as increasing or decreasing amounts of coal burned within 
the district during the period of observation. It must, of course, 
be recognized that not all of the dust fall is chargeable to fuel 
burning although dust samples indicate that fuel is the major 
source. 

During 1934, the Department of Smoke Abatement, under 
Civil Works Administration Project No. 1504 which pertains to 


4 Member, Advisory Board of Engineers, Chicago Department of 
Smoke Abatement, and Central Division Engineer, Iron Fireman Mfg. 
Company. Mem. A.S.M.E. 
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smoke observation and abatement, had allocated to it 175 men, 
some of whom are engineers of national reputation and of wide 
experience in this work. The writer is authorized, by the De- 
partment, to present to the Society any of the facts or figures from 
the report compiled by these men. 

One of the significant figures of the report is that the tonnage 
of coal burned in the Chicago district has doubled between 1911 
and 1933, yet the amount of smoke in 1933 was only 95 per cent 
of that of 1911, and the density of the smoke only 49 per cent. 


Over this period of time, the changes in smoke produced by 
classifications are as follows: 


93 per cent decrease 
15 per cent decrease 
61 per cent decrease 


Riailroads' dsc suaveleaec mete s hake ere 
Power plants; i-tceen iene Senne eters 
Metallurgical furmaces................- 
Manufacturing plants................ 1 per cent decrease 
Boats 2.0 2 PS ee ee eee 2 per cent decrease 
Apartment buildings...................1620 per cent increase 
Domestic (residences).................. 900 per cent increase 


It is evident that we have mastered the situation in the larger 
plants, but in the meantime the great increase in the number of 
apartment buildings and residences has so increased the tonnage 
of coal burned that these two classes of chimneys have become 
responsible for a very large proportion of our smoke. 

An analysis shows the sources of Chicago smoke to be as follows, 
in order of importance: 


Apartments and large heating plants............ 43.0 per cent 
Power plants ye ec ces eee eee wate i te eee ae 25.4 per cent 
Domestics. :gentarakoe een aerate ae eee 20.4 per cent 
Manufacturing ix. icin tiers sph « opsenennl onal ican tae 5.1 per cent 
Railroad locomotivest.. a. ccm anusen «ee arene 2.8 per cent 
Metallurgical and special processes.............. 2.4 per cent 
Boaters fs. dsc tidear Guia ee erameatete lee naar 0.9 per cent 


We have therefore logically centered our attention on the apart- 
ment buildings and heating plants. 

Until the development of small automatic stokers for this 
field we had no reliable and economically sound weapon with 
which to attack this increasing source of half the smoke. The 


small stoker offers a definite solution. Four years ago we there- 
fore wrote into our ordinance that all new plants of 1200 sq ft of 
steam radiation and over must use automatic firing of some kind, 
i.e., stokers, oil, or gas. At the present time there are approxi- 
mately 6000 stokers installed in Chicago, each serving 1200 sq ft 
of radiating surface or more. 

The dust fall in Chicago in tons per square mile per month for 
every year 1926 to 1932, inclusive, is as follows: 326.41, 390.28, 
384.81, 355.02, 323.52, 268.52, and 230.33. 

We have thus, due to our active campaign, not only reduced the 
volume and density of smoke in the City of Chicago, but have 
reduced the dust fall from a high figure of 390.28 in 1927, to 230.33 
in 1932, the reduction being 41 per cent. These figures must, 
however, be considered in the light of the decrease of industrial 
coal burned in 1933 as compared to 1928. We are encouraged by 
the improvement, and, inasmuch as apartment buildings are very 
rapidly installing stokers purely for economic reasons, we feel 
that within a few years we shall make a measurable reduction in 
smoke from that particular group which is the worst offender. 
The improvements in stoker designs as now being made will fur- 
ther decrease the fly-ash. 

The current research work and reports of the Department of 
Smoke Abatement of the City of Chicago are available to all who 
are interested in this work and our department will be glad to 
cooperate to the maximum with other cities or engineers toward 
improvement of atmospheric conditions. 

There has never been any question as to whether stokers abated 
smoke. There has been a question, however, as to whether 
stokers actually decrease dust and fly-ash from chimneys. Our 
surveys indicate that stokers do decrease the dust and fly-ash 
emission because of decreased tonnage and maintenance of a 
uniform fuel bed. 

Fuel and air distribution are the vital factors in fly-ash emis- 
sion. Stokers with improper distribution and improper air 
regulation increase fly-ash. During the past three years suf- 
ficient advancement has been made in the art to make as much as 
a 75 per cent reduction in fly-ash from grates. 


Cooperation Between 


FSP-57-2 


Teel and Public- 


Utility Companies in Generating 


Steam and Electricity 


By H. DRAKE HARKINS,! WILMINGTON, DEL. 


having an annual output exceeding 100,000,000 kwhr 

each during 1932) have an installed generating capacity of 
30,700,000 kw, 22,000,000 being steam and 8,700,000 being 
hydro (1).? 

Manufacturing plants in 1929 had an installed generating 
capacity of 7,800,000 kw divided among 17,270 generators 
averaging about 450 kw each (2). Mines and quarries had 
740,000 kw (3) installed in electric generators, bringing the 
total in industrial plants to 8,540,000 kw. The installed 
capacity of industrial plants is, therefore, approximately 
27.8 per cent of the installed capacity of the larger public- 
utility systems. 

Office buildings, hotels, hospitals, schools and colleges, 
and the like are not tabulated as manufacturers in the census, 
but for the purpose of this paper they could be included as 
industrial plants if the figures were available. Therefore, 
it is probable that the 27.8 percentage of installed capacity is 
approximately correct even though the very small utilities are 
not included. 

The generating capacity actually installed in industrial 
plants is only that which management (unfamiliar with power 
problems) has seen fit to install with economic conditions as 
they now are and in the face of strong public-utility sales 
pressure. 

Glenn B. Warren (4) states: ‘‘An estimate recently made 
showed that if all the industrial back-pressure and bleeder 
turbines manufactured in each of the years 1927 to 1929, in- 
clusive, had been built for 1200 lb initial pressure instead of 
the 200 to 400 lb pressure for which they were built and ar- 
ranged to supply the same heat, these turbines would have 
had an aggregate capacity over and above what they did have 
equivalent to about one-fifth of all the condensing turbines 
manufactured in the respective years. Similarly, an extension 
of this investigation indicated that if all these turbines which 
were installed to supply heating steam had been of the mercury- 
vapor-process type and, as before, arranged to supply the same 
demand for heat, these installations would have had an ag- 
gregate capacity over and above what they did have equiva- 
lent to almost one-half of that of all the condensing turbines 
manufactured in the respective years.”’ 

The author recently reviewed a proposed electrolytic proc- 
ess which involved the distillation of large quantities of 
mercury. The mercury vapor could generate twice as much 
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electricity, 12,000 kw, as the electrolytic process required. 
The industry had no use for the surplus electricity and it could 
not be credited to the operation. In this instance, the absence 
of a market for surplus electrical energy hindered industrial 
progress and technical development. 

Table 1, by A. R. Smith (5), shows how an industrial 
steam flow of 400,000 Ib per hr at 200 lb pressure could generate 
no surplus energy, yet 42,000 kw were obtainable through 


present technology. 


TABLE 1 STEAM FLOW TO INDUSTRIAL—400,000 LB PER HR 


Initial Exhaust- 
steam Entering steam Electric 
conditions* evaporator? conditions? power 
200 lb, 525 F No evaporator 200 lb, 525 F None 
400 lb, 750 F No evaporator 200 lb, 625 F 5,970 kw 
600 lb, 750 F 400 lb, 670 F 200 Ib, sat. 5,150 kw 
1200 lb, 750F 400 Ib, 518 F 200 Ib, sat. 13,750 kw 
2400 lb, 1000 F 400 lb, 618 F 200 Ib, sat. 24,050 kw 
125 lb mercury 28 in. hg 
vacuum to 
400 lb steam 200 lb, 625 F 42,200 kw 


2 Pressures in lb per sq in. gage. 


Therefore, it may be concluded that the present capacity 
installed in industrial plants is by no means a measure of what 
might justifiably be installed if an outlet were given for sur- 
plus energy, if full economic advantage were taken of techni- 
cal development as shown in Table 1, if industrial manage- 
ment were educated in the economics of power generation, 
and if the utilities would accept the industrial plant as a 
possible source of cheap energy. It is obvious that these new 
conditions would result in a large increase in industrial ca- 
pacity, mostly available for generating surplus energy. With 
industrial capacity now 28 per cent of utility capacity, it is 
equally obvious that any large increase in industrial capacity 
is of such magnitude as to satisfy the nation’s demand curve 
for some considerable future period and leads us to the startling 
conclusion that the larger part of future electrical generating 
capacity should very probably be installed in or near industrial 
plants rather than in condensing-steam or hydro central sta- 
tions. The superior efficiency of industrial ‘‘back-pressure’’ 
generation and its economic justification are well known to 
engineers and are shown elsewhere in this paper. 

The public-utility systems are generally interconnected into 
a few great regional power pools, giving them the advantage 
of emergency supply, diversity, and reduction in spare equip- 
ment. Very few of the industrial generating plants are so 
interconnected either with each other or with the regional 
system. Many of the industrial plants generate electrical 
energy and utilize the exhaust heat from the turbine resulting 
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in a production of electrical energy with much higher thermal 
efficiency (80 per cent) than can be obtained in utility steam 
stations (25 to 30 per cent). The seasonal heating load of 
many industrial plants enables them to produce a surplus of 
electrical energy above the plant requirement and at very low 
cost during the peak of the heating season, which is approxi- 
mately coincident with the load peak on the utility systems. 

Alfred W. Fox works out a specific case (6) for providing 
the top 20,000 kw of an actual public-utility load-duration 
curve which contained 867,000 kwhr. If a new central sta- 
tion is provided, the annual costs are $262,000 for a peak load 
steam plant, $229,000 for a base-load steam plant, $255,000 
for a hydraulic peak-load plant, and $257,000 for a steam- 
accumulator plant. An industrial plant having or needing 
the boiler capacity can provide the 20,000 kw in generating 
capacity and the energy at an annual cost of $171,000. This 
is an annual saving of $58,000. All costs are total, including 
fixed and operating charges. Mr. Fox concludes, “‘the figures 
used above may be open to question. I believe they are 
sufficiently accurate for a discussion of this nature and are 
moreover so variable as to require special attention and esti- 
mate on each particular problem. When times become normal, 
the peak-load problem of the public utility will again assume 
its previous importance, and I believe that solving the prob- 
lem in conjunction with one of surplus power can mean a great 
saving to the utility and a source of additional profit to the 
industrial plant.” 

Many industrial power engineers believe the general refusal 
of the utilities to buy their available surplus energy is unsound 
national economics, unfair competition, and shortsighted 
policy. Guy B. Randall (7) also champions this opinion. 
They feel that such purchase or some interchange or other 
coopetative agreement will economically justify the installa- 
tion of a great many more industrial power plants with a 
reduction in their own and the nation’s power bills. These 
industrial engineers point out that most hydro stations and 
a great many utility steam stations are necessarily located 
remotely from the load center, requiring expensive, elaborate, 
and hazardous transmission systems which contribute to the 
result that the delivered cost of electricity to the ultimate 
consumer is from two to twenty times the cost at the generat- 
ing station. (This spread should not irritate industrial plant 
engineers who pay two-dollar freight on twenty-cent coal, 
but should be accepted as economic fact.) A great many of 
the industrial plants are very near other consumers where 
industrial-plant surplus energy, lower in generating cost, 
could be delivered with small transmission loss to their neigh- 
bors if the utility transmission system were opened to the 
industrials. 

The advantage of interconnection and other advantages of 
interchange with industrial plants have been ably pointed 
out by B. F. Wood (8). W. F. Ryan, a thorough student of 
this subject, outlines the advantage of cooperation and other 
industrial opportunities in his paper (9). W. S. Monroe has 
emphasized the importance of by-product power generation 
and pointed out the necessity for cooperation between utility 
and industrial companies (10). 

Utility companies generally refuse this industrial-plant 
energy and other cooperative schemes for the following 
reasons (11): 

(1) Possibility of having to face the charge of discrimina- 
tion in cases where the utility chooses to make a working 
atrangement with one industrial and to deny it to another. 

(2) Hazards to service presented by a number of small, 
isolated plants whose engineering and operating standard 
may be below the utility grade. 


‘ 


@) Complications of supplying process steam non-electrical 
service to industrials. 

(4) Financial hazards and disagreements potential in joint 
ownetship and operation of utility and industrial plant equip- 
ment. 

(5) Danger of increasing industrial business to an unsafe 
volume in proportion to total business. 

(6) Objection to committing utility funds to investment in 
power facilities in industrial plants of uncertain business 
continuity. 

@) Possibility that an industrial plant with excess ca- 
pacity will attempt to sell this directly to users at a higher 
profit than the interchange rate permits. 

(8) Variations in efficiency of industrial plants delivering 
by-product electricity as a function of blast or other process 
heat usage. 

(9) Inflexibility of such by-product plants as compared 
with utility generating stations. 

But at least one utility executive (12) recognized the im- 
portance of power interchange and its benefit to the whole 
community, pointing out that it is the industrial plant’s 
payroll which supports the utility and it is the utility’s service 
which improves living conditions for the industrial’s work- 
men. Cooperation between the two, he concluded, has a 
broad economic and sociological foundation. 

Much of the difficulty in reaching a cooperative agreement 
for the mutual sale or interchange of electrical energy between 
utility and industrial companies lies in the misunderstanding 
of the value of a unit of energy. The value varies widely if 
it be ‘‘firm or dump,”’ with the time of the day and year, and 
with the installed capacity of each party at the instant of 
generation. W. B. Skinkle has admirably and thoroughly 
expounded the fundamental principles in his papers on this 
subject (13, 14, 15). (These three papers are recommended 
to every engineer contemplating or negotiating a cooperative 
power contract.) Especially pertinent to the subject of this 
paper are Figs. 1 and 2 reproduced from Mr. Skinkle’s dis- 
cussion (13). Fig. 1 illustrates how the large generating units 
of a public-utility system increase capacity in steps, making 
the capacity growth very unlike the more uniform growth of 
the load curve. Fig. 2 illustrates how industrials and utilities 
may both delay investment and avoid installations of capacity 
far beyond requirement by a mutual and cooperative exchange 
of powet. These curves refer principally to large-capacity 
industrial installations. It would be interesting to see the 
result if some utility system endeavored to provide for the 
gradual growth of its load by an equally gradual utilization of 
surplus power from industrial plants. The inspiration for 
such an attempt must come from the management or engineer- 
ing groups of the utility company. At present, contact 
between utility and industrial is usually made by the power- 
sales division of the utility which, naturally enough, is only 
interested in selling energy and is not interested in the economic 
or engineering aspects of the power problem as a whole. 

We hear much, especially from political sources, of the 
undeveloped hydro energy available in this country. Unde- 
veloped hydro becomes more and more remote and it has al- 
ready been pointed out that transmission costs now exceed 
energy-conversion cost. The public has heard very little in 
this country concerning the use of this great quantity of cheap 
industrial surplus electrical energy which is now available 
in the very heart of our consuming districts. 

The power utility is given a monopoly on the assumption 
that it will serve the community more efficiently than any other 
means yet devised. Therefore, it is obligated to investigate 
sources and secure cheap energy, either by purchase or genera- 
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tion, and to distribute energy cheaply and efficiently. It is 
not unreasonable to ask these companies to purchase surplus 
industrial energy, if such purchase will benefit the community 
by fostering local industries and reducing the utility cost. 
Certainly this conception of the utility does not justify the 
intense and extravagant effort sometimes made to prevent 
industrial generation. Many individual utility companies 
are, in fact, only distributors, owning no active generating 
equipment and buying from affiliates. These distributors may 
well be asked to purchase industrial energy at a price com- 
mensurate with that they now pay. 

This whole proposition is naturally so involved, technically 
and economically, that we can find a solution only through 
study and experiment made with greatest honesty and caution. 
So involved is each problem that the smoke-screen of confusion 
is ever at the disposal of partizans. So technical is each 
problem that all but the engineer are lost. Industrial managers 
are confused alike by equipment and power salesmen. This is 
a task for the most capable industrial and utility engineers. 

While cooperation between utilities and industrial plants 
has no existence on a national scale, there are some isolated 
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instances, and it is the object of this paper to examine such 
cases as exist, review the contractual and physical arrange- 
ments, and evaluate the success, in the hope that this study 
may assist progress in cooperation between utility systems 
and industrial plants. 


EXAMPLES OF COOPERATION ABROAD 


In England, the Electricity Act of 1926 created a governing 
board to integrate public-utility generating systems. This 
Act provides for current to be fed into the “‘grid’’ from indus- 
trial plants and gives power to the Electricity Board to pur- 
chase surplus electricity in such cases. A British correspondent 
(16) stated in April, 1933, that at that moment there was no 
actual case from which he could obtain any particulars but 
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gave as a reason that it was only recently that the grid has 
been put into actual operation and it is not yet complete. He 
believes that industrial cooperative schemes have been left 
over until the distribution of supply is more completely or- 
ganized and the unification of frequencies achieved. 

A prominent American engineer (17) states: 


The Belgium state has organized a corporation on which manufac- 
turers, users, engineers, and the government are represented in the 
directorate to connect up all of the power plants, both utility and 
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industrial, in the eastern half of Belgium. This corporavion is known 
as the Union Générale Belge d’Electricité and has bee running now 
for about five years. The arrangements have been most satisfactory, 
I understand, to all users and manufacturers, and the Bia, while 
they have not been large, have been substantial and of sufficient amount 
to insure the continuation of the corporation. . . . 

The western part of Belgium is handled by Les Centrales des Flandres 
with headquarters at Ghent, while another public-service company 
operates Brussels and the surrounding territory. It is intended that 
in the end the whole of Belgium will be tied-in in one generating and 
operating company, but this will probably be sometime in the future. 


While not of national importance, a regional cooperative ar- 
rangement of great interest and significance was consummated 
at Sydney, Nova Scotia. Here is a case where the power 
corporation and several industrial companies and a municipal 
lighting plant cooperated, with the approval of the Board of 
Public Utilities, with a result that has been satisfactory as 
regards service, economy, and earnings. Steel plant and mine 
operations are scheduled in such a way that the power cor- 
poration can provide necessary power at a minimum of cost. 
The effect of a proper rate schedule on power demand and 
usage at coal mines and steel plant has been extraordinary and 
has resulted in substantial economies for these industrial con- 
cerns. Refuse coals and coke breeze are used for generating 
electricity and domestic current usage tends to increase due to 


14 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


reduced rates. K.H. Marsh (18) has provided data for 1929 
in Table 2. He says: 


TABLE 2 STATISTICS OF POWER GENERATION AT SYDNEY, 


N.S., 1929 
Annual 
output, 
Fre- kwhr, 
Generating Kw quency, in 
station installed cycles millions Fuel 
Steel Co., 


11,500 60 45 Blast-furnace gas, coke 


breeze, and coal 


station No. 1 


D. Coal Co., 

station No. 2 7,000 25 41 Slack coal, stoker-fired 
D. Coal Co., 

station No. 3 4,000 DI 15 Slack coal, stoker-fired 
S2GoallGor, 

station No. 4 2,400 60 11 Slack coal, hand-fired 
Utility Co., 

station No. 5 1,000 60 4 Slack coal, hand-fired 
Municipal, 

station No. 6 400 60 1 Slack coal, hand-fired 

TOtal easetcisie tine eens oer 120 


The above plants [Table 2] are listed in order of efficiency. With 
more normal industrial activity all stations were overloaded at times. 
Stations No. 2 and No. 3 (25 cycle) were tied together electrically. 

Stations No. 1 and No. 5 exchanged stand-by service. 

Stations No. 4 and No. 6 assisted each other at times. 

Now in 1930, a power corporation was formed and put into opera- 
tion a modern 7500-kw steam-electric generating plant, which was 
interconnected with Stations Nos. 1, 2, 3, 4,5, and 6. A 25-60-cycle 
teversible frequency changer was installed, and a program of colliery 
electrification was completed. The power corporation leased Sta- 
tions Nos. 1, 2, and 3. Stations Nos. 4, 5, and 6 were closed down. 

The power corporation put into effect a schedule of rates approved 
by the Board of Public Utilities, and operates its very efficient modern 
station on base load, while Stations Nos. 1, 2, and 3 operate to suit the 
load from steel plant, coal mines, utility company, municipal lighting, 
as well as lighting for several small mining villages. 


There are other instances in Canada where large industrial 
plants provide steam-electric stand-by service to promote 
good-will in communities where small hydro utilities could 
ill afford to provide their own steam stand-by. And the 
hydroelectric utility assists the industrial steam plants at 
certain times. There are cases where hydro installations with 
unused capacity sell electrical energy to industrials for use in 
steam boilers at little more than fuel cost, but, of course, on 
short-term contracts. 


EXAMPLEs IN THE UNITED STATES—PARALLEL OPERATION 


The simplest case of cooperation between utility and in- 
dustrial in the generation of electrical energy occurs when the 
industrial secures part of its demand from the utility and 
Operates its own generating equipment in parallel with the 
utility but does not feed back. So many installations of this 
kind exist in the United States that it may be called common 
practise, although a few utilities have earned the ill will of 
their customers by refusing to cooperate to this extent. This 
attitude is untenable, as can be proved by the entire success 
of the numerous existing installations. The utility in one 
large Eastern city states that it has twelve customers operating 
in parallel, the largest taking 6500 kw from the power com- 
pany and the smallest 100 kw. All have contracts of three 
years’ initial duration which continue from year to year with 
a 60-day cancelation clause. In none of these cases is there 
any pump-back of power into the utility lines and the power 
purchased is taken in each case under a standard form of 
contract. 

There is an unusual case of parallel operation in an Eastern 
seaboard city where an existing industrial plant which gener- 
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ated all its own steam and electricity had an opportunity to 
sell steam to a new industrial located on adjoining property. 
The first industrial had sufficient installed capacity to supply 
its neighbor with both high- and low-pressure steam. The 
low-pressure steam could be extracted from one of the turbo- 
generators, but this extracted steam would only generate part 
of the neighbor’s requirement. The local utility might 
possibly have blocked this sale of electricity because of exist- 
ing laws, but generously cooperated and sold electrical energy 
to the first industrial for resale to the neighbor in accordance 
with the demand. All of the three parties profited. The 
utility gained by selling some energy and also succeeded in 
running its service lines into the plant of the first industrial 
which had never before been connected with the utility. 
The first industrial profited by the sale of steam and electricity 
without the necessity of increasing its installed capacity to 
meet the new load. The newly located industrial obtained 
steam and electricity at a cost lower than could have been 
obtained by building its own power plant and/or purchasing 
electricity from the utility. This arrangement has been in 
operation several years and has been entirely satisfactory to 
all of the three parties. 

Many additional installations for parallel operation would 
be made economically attractive were it not for the additional 
financial burden imposed by the necessity for the industrial 
company to install spare generating equipment or pay a burden- 
some demand charge because of the periods when its one 
generator would be out of service. In a few instances, co- 
operatively minded utility companies have waived the demand 
charge on the grounds that the unusual demand was caused 
by an unavoidable breakdown. Modern central-station 
generating equipment has an availability better than 90 per cent 
and industrial turbo-generators without condensers probably 
have a higher availability. Industrial plants having normal 
week-end and annual inventory shut-downs can depend on 
emergency shut-downs occurring less frequently than yearly. 
Nevertheless, an industrial power engineer must conserva- 
tively include the maximum possible annual demand charge 
when preparing his project for the installation of a single 
turbo-generator and this prevents the authorization of many. 

Utilities defend this high demand charge by maintaining 
that the business is unattractive and that generating and trans- 
mission capacity must be provided for the ultimate unavoid- 
able breakdown. This contention is, undoubtedly, sound 
when considering a single installation or an isolated industrial 
at the end of a long transmission line, but if industrials which 
ate located within a reasonable distance of each other were 
permitted to feed back their surplus energy into the utility 
system, the statistical effect, diversity, load factor, etc., would 
probably result in placing no additional burden on the utility’s 
generating equipment by infrequent individual breakdowns and 
would require but very little additional transmission capacity. 

An example of prohibitive demand charge existed in an 
industrial plant which generated all its energy but had a public- 
utility connection of some 300 kw demand for use in starting 
a cold plant after a total shut-down. The demand charge 
included some energy which was completely used. After 
two years’ experience, the industrial secured a handsome 
return on an investment which was made for the installation 
of a 300-kw gasoline set. The service connection from the 
utility was discontinued. 

A large utility which has numerous customers in parallel 
operation but none feeding back states that its company policy 
is an exceedingly broad one in dealing with special conditions 
and if, at a future time, conditions might arise wherein it 
would be advisable and profitable to both the customer and 
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the company to draw up a form of contract wherein any power 
would flow both ways, it is sure the company would give this 
serious consideration. 


InDusTRiIALs WHIcH SELL ENERGY TO UTILITIES 


This subject is so shrouded in secrecy that no quantitative 
data can be secured or given. The issue of a magazine (19) 
devoted to this subject lists the following: 


G) Northern Paper Mills at Green Bay, Wis., developed 
two hydro sites with capacity over its requirement for sale 
to the Wisconsin-Michigan Power Co. 

(2) Newton Falls Paper Company sells surplus hydro to 
Northern New York Utilities. 

@) The Wauregan Mills, Wauregan, Conn., sells surplus 
hydro up to 1000 kw and purchases power deficiency up to 300 
kw. 

(4) North American Cement Corporation, Security, Md., 
generates from waste heat and sells to the Potomac-Edison Co. 

(5) The Colorado Portland Cement Company, Boettcher, 
Col., sells surplus electricity generated from waste heat to the 
local utility. 

(6) The Manitowoc Plant of Medusa Portland Cement 
Company interchanges power with the Wisconsin Public 
Service Company, using waste heat to generate surplus energy. 

(7) A woodworking plant in New Hampshire uses refuse 
to generate surplus energy for sale to the Twin States Gas and 
Electric Co. 

(8) The Commerce Royalty and Mining Company, Cardin, 
Okla., operates a Diesel plant which supplies 18 lead and zinc 
mines, also the Northeast Oklahoma Railway in the city of 
Miami. 

(9) The Sapphire Cotton Mills, Brevord, N. C., sells energy 
over the week-end to the local utility. 

(10) The Fairbanks-Morse test floor sells surplus energy to 
the local utility. 

(11) The University of Michigan sells surplus energy to the 
Detroit Edison Company during the heating season and pur- 
chases in summer. 

(12) In Pittsfield, Mass., the electric company buys surplus 
energy from a large textile and dye works and sells stand-by. 

(43) The Twin City Plant of the Ford Motor Company 
operates a hydro station which was built under the govern- 
ment requirement that all available hydro be generated. The 
surplus energy is sold to Northern States Power Company. 
The government gets free power for lock operation. 


An interesting aspect of the last case quoted is the govern- 
mental requirement that surplus available energy be diverted 
into useful channels. 

An industrial plant in Virginia generates all its own power 
and sells power to the utility for use in two near-by industrial 
plants during times of utility power failure. This cooperation 
by the industrial plant prevented the utility from losing two 
customers who would otherwise have built their own plants 
to secure continuity of service. 

The Eli Lilly Company at its Indianapolis Laboratories 
purchases steam from the Indianapolis Power and Light 
Company, generates electricity with this steam, and sells the 
electricity to the power company. The electrical demands 
of the Eli Lilly Company are satisfied from the lines of the 
power company (20). 

The Crocker-Burbank Company, of Fitchburg, Mass., sells 
surplus by-product power to the local utility (21). 

A large motor company believed in 1931 that its power- 
plant loads had dropped to the point where it would be ad- 
vantageous to purchase some current on week-ends and holi- 
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days and, accordingly, entered into an interchange agreement 
with the local electric company. This contract carries no 
demand charge and calls for an interchange of energy at a 
straight energy charge. Neither party guarantees to furnish 
the other power at any particular time and each party is the 
sole judge of its ability to serve. While this rate is classed 
as an interchange rate, the electric company has never per- 
mitted the motor company to deliver any power to it under 
the terms of the contract and in effect it is a straight energy 
contract without any demand charge. The contract may be 
classed as a failure, and one of the industrial company’s officials 
states, ‘‘It has been my experience that there is not sufficient 
genuine cooperation between the utility and the industrial to 
result in the most advantageous mutual arrangements. The 
industrial plant is too often viewed as a competitor of the 
utility which the utility must endeavor to eliminate. This 
attitude is sure to interfere with entering into those contractual 
relations which would contribute most to the benefit of both 
parties.” 

For some years prior to the construction of its new central 
station, an Eastern utility bought energy from a large industria] 
which was so located on the utility’s system that it could supply 
energy to great advantage during peak loads and when trans- 
mission troubles occurred. This was a straight sale of firm 
power subject to the call of the utility’s dispatcher. This is 
an example of the utility’s using available industrial capacity 
as exhibited in Fig. 2. 

A utility has an interconnection with a large industrial 
company for the exchange of electric power. The inter- 
connection consists of two banks of transformers rated at 30,000 
kva each. Both banks are owned by the utility but the 
industrial is billed for the rental of the second bank. There 
is no formal contract covering the exchange of power. A 
letter, accepted by both parties, fixes the charge per kilo- 
watthour of net exchange. There is, ordinarily, no such net 
exchange. During the reconstruction of the industrial’s 
power house, a considerable supply of energy went to the 
industrial at a fixed price. On occasion, during tests, etc., 
the industrial has returned power to the utility but at a special 
rate much lower than fixed in the letter. Both parties stand 
ready to pick up loads in the event of an emergency and such 
an emergency has occurred two or three times. The utility 
states that the interconnection has been most useful. The 
arrangement may be terminated at any time by mutual agree- 
ment. 

An industrial in an Eastern city has an installed capacity of 
1250 kw with a day load steadily over 1000 kw and with 
occasional 1300-kw peaks. The plant is connected with the 
utility, and more than ten years ago made a cooperative agree- 
ment for exchange at 31/2 cents per kwhr and without demand 
charge. The exchange of power was nearly even and con- 
sidered fair by both concerns. This agreement survived one 
change in ownership of the utility. After a larger holding 
company had taken over the local utility, it made many dif- 
ferent propositions for supplying all the industrial’s energy, 
but none was found acceptable. Two years ago the utility 
reduced the exchange rate to 11/2 cents and stopped taking 
energy from the industrial. One year ago the utility abrogated 
the exchange rate and put the industrial under a standard 
service classification. This increased the industrial’s rate to 
5.3 cents per kwhr. The industrial complains because its 
demand charge is figured from the maximum setting of its 
transformer switch. This, it feels, is unfair, and if not changed 
will force the industrial to build its own stand-by. Its own 
service had always been dependable. This switch must be 
set well above the actual demand because when set close to the 
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demand the industrial lost its load several times while running 
in parallel with the utility. The industrial’s engineer states: 
“During the winter months when exhaust steam is needed, 
operation is such that the utility cannot expect to compete, 
but during the summer months when our loads are so high 
that we waste exhaust steam it is just too bad that the power 
company cannot compete with such methods.” 


LARGE-SCALE OPERATIONS 


Although utility companies have been reluctant to make 
cooperative agreements with smaller industrial plants, several 
large-scale operations exist in the United States where ad- 
vantage has been taken of industrial waste heat and fuel or of 
industrial demand for large quantities of steam; thus giving 
opportunity for the cheap generation of electrical energy. 

The Deepwater Station, located on the New Jersey side of 
the Delaware River some 30 miles below Philadelphia, is an 
outstanding example and has been adequately described in the 
technical press (22). This 1200-lb central station houses two 
condensing turbo-generators, each owned by a different utility, 
and also contains one turbo-generator which exhausts to 
evaporators. The evaporator vapor is delivered in quantity 
up to 400,000 lb per hr to an adjacent industrial plant. This 
is strictly a cooperative venture, although the industrial has 
no capital invested in the station. The industrial was about 
to build its own high-pressure plant when the utility con- 
templated a new station in the neighborhood, and one plant 
was. built instead of two in the expectation of realizing the 
benefits which naturally accrue to a single large-scale opera- 
tion. The station has been in service approximately three 
years and the entire operation has been successful. The con- 
tractual success is almost entirely due to the spirit of coopera- 
tion with which each party has settled unforeseen contingen- 
cies as they arose. Although the contract covered many 
pages and took upward of six months’ careful negotiation to 
complete, it, nevertheless, did not foresee all possibilities, 
and if a spirit of cooperation had not existed among all con- 
tracting parties, ultimate failure might have occurred. Ad- 
vantages to the utility have been a larger-scale operation and 
a high boiler load factor with consequent economies. The 
industrial has secured the benefit of skilled and efficient power- 
plant operation without burdening management with the 
responsibility. The disadvantages to the industrial were: 
First, the much longer construction period with consequent 
delay in achieving the economy of high-pressure operation. 
Second, there is not the flexibility in meeting changes in condi- 
tions which would exist if the industrial could operate entirely 
within its own organization and through its own procedure. 
The author is not in a position to state the disadvantages to the 
utility. 

In 1929 the growth of load on a Southern utility system 
had reached the point whete it was apparent that additional 
power supply facilities would be necessary. The ideal loca- 
tion for additional capacity was atthe eastern terminus of the 
system which, as it so happened, was the location of an oil 
refinery. The refinery was planning extensions. A large 
generating station (technically not a utility) was built ad- 
jacent to the refinery. This station planned to supply the 
refinery with a maximum of 840,000 Ib of steam per hr and 
14,000 kw. The oil company could have built its own power 
plant and generated the electrical requirement with about 400 
Ib boiler pressure. By building for 625 lb pressure, a large 
surplus of electricity could be generated and is sold to the local 
utility. The refinery supplies several kinds of liquid refinery 
waste to be used as fuel in the power plant. Petroleum coke 
is delivered in railroad cars. Both parties had many vital 


interests to protect. The oil company was anxious to get 
the very best possible price for its non-merchantable but burn- 
able waste fuels and to assure itself a continuity of service. 
The steam company needed guarantees for its investment and 
assurance of continued business, a very definite relation be- 
tween the price at which it had to sell steam and electricity 
and the cost of fuel, and the ability to convert its plant to a 
normal type of condensing station should the contract with 
the oil company ever be terminated. As the situation de- 
veloped, it became apparent that this contract could only be 
made on some mutual basis. Since the plant went into opera- 
tion, an additional boiler has been installed to permit the sale 
of additional steam up to a total of about 1,000,000 lb per hr. 
The company which operates the plant is not a utility. It 
confines all its operations to its own property and its customers 
come to it with their pipe lines and electrical connections. 
It is so located that it is in a position to serve other customers 
at equitable rates, preferably those with needs for both steam 
and electricity. At present the entire requirements of the oil 
company and of one utility are well cared for, and the surplus 
energy is utilized by another utility. 

A technical publication (22) states that the Iowa Railway 
and Light Corporation and the Quaker Oats Company at 
Cedar Rapids have an arrangement whereby the utility gener- 
ates steam for the industrial and uses the industrial’s waste 
fuel, oat hulls. 

The same publication (22) states that the Rochester Gas 
and Electric Company supplies steam to several industrial 
plants and also heating steam to the business section and has 
12,000 kw installed in non-condensing units. 

Regional energy coordination in the Chicago district de- 
veloped a unique cooperative arrangement between steel 
plants and electrical and gas utilities as described by A. H. 
Dyckerhoff (23). A very careful, extensive, and thorough 
survey of steel mills under all load conditions indicated that 
a saving of from $0.43 to $1.36 per ton of steel could be effected 
by selling coke-oven gas and purchasing electricity. This 
startling conclusion displaced the previously held opinion 
that steel mills should use all their available heat for metal- 
lurgical and power-generation purposes. An exchange of 
energy between steel plants and gas utilities has been worked 
out in the region of Chicago, linking six basic steel plants 
with electrical and gas utilities, resulting in purchasing elec- 
trical energy, selling coke-oven gas, and using blast-furnace 
gas for heating rather than for power generation. 

The General Electric Company is building a mercury- 
vapor plant at Schenectady (5). Additional steam supply 
was needed and the New York Power and Light Corporation 
desired additional electric generating capacity, it being agreed 
that a steam plant erected at or near the Schenectady works 
could and would economically supply both. The General 
Electric Company constructed the plant on its own property, 
placed it strategically for steam distribution, and is leasing 
it to the power corporation which, in turn, operates and 
maintains the plant. The steam delivered to the Schenectady 
works at 225 lb pressure will amount to 630,000 Ib per hr. 
The industrial provided the capital and constructed the plant, 
and the utility leases the plant on the basis of the fixed charges 
on the actual investment as a yearly rental. The utility 
admits that a plant having a capacity of 26,000 kw has 
for it a certain value per kilowatt of capacity, and the fixed 
charges on such investment are credited to the industrial. 
This amount is less than the rental, because the actual cost of 
the plant provided not only for the production of 26,000 kw, 
but 650,000 Ib of steam also. The utility also allows a credit 
for each kilowatthour produced by the plant, all of which 
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goes into its system. This credit is based on the prevailing 
costs of producing power with modern plants supplying its 
system, taking into account the fact that the utility must 
always accept the power produced according to the steam 
demand, regardless of the hour of the day or the season of the 
year. The utility sells all the power that the industrial de- 
mands at scheduled rates, regardless of this particular agree- 
ment; and the excess cost covering the rental, operation, and 
maintenance and the fuel over and above the two credits al- 
lowed the industrial is charged to the industrial as its cost of 
steam. The agreement between the two companies covering 
opetation is in effect for five years; thereafter continuing from 
year to year unless terminated by either party on one year’s 
written notice. 


ConcLusion 


Modern technical developments in higher steam pressures 
and mercury-vapor cycles make available more: and more 
surplus electrical energy from industrial steam flow, and this 
technical development favors the generation of electricity in 
connection with industrial processes.. 

The steam flow to industrial plants is s of such magnitade 
and the industrial plants are so located that the larger part of 
future electrical generating capacity should very probably 
be installed in or near these industries rather than in new con- 
densing steain or hydro central stations. 

Cooperation between public utilities and industrial plants 
in the generation of steam and electrical energy will reduce 
generating cost and the investment in generating equipment, 
thus ultimately reducing the nation’s power bill and resulting 
in the still wider dissemination and use of electrical energy, 
which is the basis of our industrial civilization. 

An unsound economic condition in power generation is 
maintained by the utilities’ competitive sales campaign. 

Industrial management must be educated in the apparent 
paradox that small-scale ‘‘back-pressure’’ power generation is 
more efficient than the ‘‘quantity production’’ in condensing 
central stations. ; 

A spirit of cooperation must be fostered by public-utility 
executives and engineers if industrial engineering antagonism 
is to be avoided and public relations improved. 

A detailed survey of American conditions will probably 
prove, and the success of the Union Générale Belge d’Elec- 
tricité indicates, that a program of cooperation will be success- 
ful. 
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. J.H. Caruzr* wrote: As Mr. Harkins points out, extracting 
more electric power from steam required for industrial purposes 
would seem to be a field with considerable future possibilities. 
The largest steam-electric power plant of the Eastman Kodak 
Co, has a minimum summer steam load which avetages about 
66 per cent of the maximum winter load. Careful i investiga- 
tions by the engineers of the local utility and by this company’s 
engineers were made recently régarding the possibilities of ex- 
tracting a constant amount of surplus power from the minimum 
steam load. _ 

A new 125-Ib mercury plant and’ also an alternate 1400-Ib 
steam plant were designed—these plants to supply approxi- 
mately 300,000 lb of steam per hr to present 260-lb steam tur- 
bines. 

The maximum the utility could afford to pay for this firm 
power was naturally the cost at which it could produce this 
power in a new high-pressure condensing plant of its own. 
The final report, written in July, 1932, commenting on this in- 
vestigation, concludes “‘that the installation cost or the price 
to be paid per kilowatthour must change before the scheme 
would be attractive.’’ It seems probable that future develop- 
ments will make installations such as these investigated eco- 
nomical for conditions such as.ours. Mercury boilers for 125 
lb will probably reach a more commercial basis after experience 
with the two plants now going into operation. 

The generating plant of the Eastman Kodak Co. has, for a 
number of years, operated with no unusual difficulties on an 
almost exact steam-electric balance, using non-condensing tur- 
bines and engines. This is made possible by the sale of surplus 
or ‘‘dump’’ power to the local utility in the colder portions of 
the year and the purchase from it of part of the required power 
at other times. 


A. G. Curistre4 wrote: The idea of interchanging steam and 
electric power between utilities and industries seems to be 
making headway very slowly in this country. Mr. Harkins 
points out a number of reasons why utilities generally refuse 
to purchase the surplus power of industries. He might have 
added another reason; the desire of the utilities to dominate 
and monopolize all power generation and distribution. The 
Government yardstick for electrical rates announced by the 
Tennessee Valley Authority may cause utilities to look more 
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carefully into every possible source of cheap power in order to 
enable them to lower rates, and this may lead to further inter- 
change agreements. 

We may possibly be forced to copy the Belgian idea with a 
regional committee under Government authority to coordinate 
all sources of heat and electrical energy for joint benefits to all 
concerned. This is not at all unlikely under the present social- 
istic trends of our Government. 

Mr. Harkins comes close to the facts when he places the blame 
for lack of cooperation upon the influence of the power-sales 
departments of the utilities in determining policies toward 
the industries. Were these matters left to the production and 
distribution engineers, agreements could be effected much more 
readily. 

The examples quoted by Mr. Harkins are helpful as indicating 
the nature of agreements now in effect. There seems to be no 
standardization of plan. Possibly a little more study on the 
part of the utility executives would lead to a more systematic 
approach to the problem. As I pointed out in my paper’ before 
the Industrial Power Group last year, there must exist a spirit 
of mutual confidence on the part of both utility and industrial 
plant for any interchange of power to be mutually satisfactory. 
As long as one attempts to take advantage of the other, no 
lasting or satisfactory agreement can be consummated. 

Much can be gained from more whole-hearted attempts to 
find a basis for interchange. This timely paper will add en- 
couragement to efforts in this direction. 


E. D. Dreyrus® wrote: Mr. Harkins has set forth many in- 
teresting statements and references that demand careful thought. 
Economy should always be the byword with the engineer in 
the matter of investments as well as with materials and forces. 
“‘Material economy"’ may be encompassed with a reasonable de- 
gree of definiteness, while ‘‘investment economy”’ is too fre- 
quently influenced by many intangible and often unforeseen 
factors such that the ultimate results for the long pull may fall 
considerably short of expectations. Fortunately, in an advanc- 
ing engineering and developmental business period, errors in 
“‘economic’’ judgment are sometimes overshadowed by the 
profits of associated operations and by surrounding improve- 
ments. During a stationary period or a business depression, 
such errors, as are all too well known from our recent lesson, 
are likely to prove fatal. With this premise it might be well 
to view seriously what may be made of a utility-industrial 
interconnection and coordination of power-producing facilities 
to mutual advantage. As interestingly brought out by Mr. 
Harkins, there is apparent saving under such a program, particu- 
larly where by-product power of one form or another may be 
involved. Therefore, both utility and industry owe it to the 
community in which they operate to make the most of the 
opportunity to improve the region's economic position. 

Many good examples have been cited as evidence of the fact 
that interchanges of steam and electric power have been success- 
ful in some localities. The question naturally follows: Why 
has the practise not been more universal in the past? Possibly 
we all may agree on one factor as responsible for the limited 
progress made in this direction and that is the element of risk 
involved. 

Every planner is duty-bound to safeguard adequately the 
capital entrusted to his care; figuratively, a factor of safety 
must be introduced in relatively the same conservative way as is 
done in dealing with fiber stresses. No one would dare ap- 
proach the elastic limit in the latter case, but this may be done 
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in the case of an investment unless restraint is placed upon those 
sponsoring the development. The engineer has gone a long 
way in mastering physical problems and it is now incumbent 
upon him to look to the financial side with the same degree of 
perspicacity and conservatism—an economic error being as 
monumental as a structural failure. By so doing, the stigma 
that the banker placed on the engineers decades ago to the 
effect that financial backing for their projects would only be 
forthcoming provided the development would still pay with the 
actual cost assumed to be twice the estimate and the earning 
power reduced by one-half, will no longer be justified. There- 
fore, the approach to the problem of joint utility-industrial 
power interchange must be made with such foresight as may 
be commanded. 

Those of us who have attended the meetings of this Society 
during the past quarter of a century have witnessed some star- 
tling changes; the coming and going of the gas engine; the low- 
pressure-turbine innovation and its comparative dying-out; and 
the like; and have listened with deep interest to discussions 
about the change in “'style’’ of power-plant equipment over 
the years. This may sound fanciful but is nevertheless real 
as borne out by the mute evidence in the machinery graveyards 
in many quarters. Furthermore, there is no guarantee today 
that we have reached anything like a stationary position. 
Some new discovery in the matter of the heat cycle; chemical 
process using the ‘‘cold’’ in place of the ‘‘heated’’ state; sub- 
stitution of electricity for fuels in metallurgical reactions and 
treatment; the possibility of a different kind of heating and 
ventilating system; and other industrial applications may 
arise to supersede the type we now know, thus destroying the 
economic balance of an inter-industry development which 
would have been profitable under the present circumstances. 
While it is not fear that should rule, but in ordinary investment 
as in ordinary dangers, ‘‘discretion is the better part of valor.” 

If we look further into the fundamental differences in the 
general character of the utility and the industry, we find that 
the utility has been declared by law to be ‘‘affected by the 
public interest’ and therefore has been brought under the police 
powers of the state and closely regulated. The industrial estab- 
lishment is still pretty much of a free lance although tempo- 
rarily NRA laws now exert some slight restraining influence. 

With the utility, the earning power is limited and turnover 
of capital is slow. The rates charged for service embrace only 
a very moderate depreciation accrual on the basis of virtually 
continuous life. On the other hand, the industry is only 
limited in its profit realization by whatever competition it 
experiences. In good times the industrial may earn sufficient 
surplus after a fair yield on its investment to write off the cost 
of the property in a comparatively few years. Consequently, 
the accrual policies of utility and an industrial plant necessarily 
vaty widely. 

I sometimes wonder when this subject of utility-industrial 
power interchange is discussed whether it is fully borne in mind 
that, as far as the utility is concerned, it is a 100 per cent busi- 
ness-producing investment, whereas with the industry the 
power-generating facilities represent only a small fraction of 
their investment in total plant for manufacturing purposes. 
Consequently, any economic error that might be made in either 
case would be of a magnitude with the utility many times that 
of the industry. 

Another feature deserving close attention is that changes in 
the points of delivery to or from the power system may have a 
disturbing effect upon the investment economy as a whole if 
the use of existing facilities is modified to an appreciable extent 
through changes of manufacturing methods or processes, and 
thereby more or less power for interchange. 
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It is also to be remembered that the utility must pass on to 
its customers the benefits of the savings realizable through the 
interchange of power supply under discussion. While profit 
may be the incentive to the industry, duty must be largely the 
impelling reason for the utility to enter an arrangement of this 
kind. It may be safely stated that the utility has been giving 
serious consideration to the interconnection possibility, but in 
weighing all factors it has been forced to the conclusion that 
undue risk must be reasonably avoided. 

The industry should by right be entitled to an outlet for sur- 
plus by-product power it may be able to generate and the utility 
should receive and market the power provided it does not, by 
so doing, impose any disadvantages upon its dependent cus- 
tomers and upon its owners. 

In the limited time for discussion I will attempt to outline 
very briefly (as one individual way of attack) one plan that 
might stimulate proper utilization of industry's waste power. 
To view the problem adequately with the object of establishing 
equitable relationships, a set of basic conditions are briefly 
presented, as follows: 

(1) It is presupposed that normally where no by-product 
power obtains, the utility may supply the power needs of the 
industry and thus minimize investment expenditures for the 
district. 

(2) Where by-product power of one kind or another is avail- 
able, the utility would install the necessary prime mover, co- 
operating with the engineers of the industry. 

@G) The industry would finance the installation and the 
utility would refund the cost on a basis of credits according to 
the power developed—the rate to be based upon equivalent cost 
to the utility for like power, taking into account the question 
of necessary reserve to be allowed for and reasonable compensa- 
tion for the intermediary service provided. 

(4) Title would pass to the utility after credits had equaled 
the installation costs and the utility would be the sole agency 
for the power supply of the district and therefore in position to 
establish the lowest power cost for the district. Proper terms, 
minimum operation, and other factors must be prescribed to 
insure achievement of the plan. In event the industry under- 
went a radical change in its manufacturing method, the loss to 
the utility would be a minimum as it would come into posses- 
sion of the generating equipment and recover partly on their 
outlay made through credits against revenues. 

In the foregoing, I have merely tried to stress that there must 
be a mutual financial responsibility in the plan—with risk 
factor duly weighted—and further to give some indication of 
how such an idea may be carried out in practise. There have 
been similar methods employed in somewhat like situations 
heretofore which have been worked satisfactorily and I am 
confident they may be successfully applied to interchange prob- 
lems. 

Finally, I wish to add the observation that the careful reason- 
ing on these investment matters will constitute as progressive 
a move as designing new types and installations that may not 
have real economic merit when all factors—time, business, and 
manufacturing variables, and specific operating characteristics— 
have been completely tested. The A.S.M.E. is doing a splendid 
piece of work in the contributions it has encouraged and pub- 
lished, which are intended to provide an understanding (which 
should aid in the solution) of our economic problems. 


A. H. Dycxrrtorr’ wrote: Beyond doubt, there is a great 
desirability of such cooperation between utilities and industrials 
under proper economic conditions and I feel safe in saying that 
the utilities are more desirous of cooperating than most indus- 
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trials, notwithstanding the different view expressed in the 
paper under discussion. In this statement I am guided by my 
work for an industrial and for a group of larger utilities having 
close contacts with numerous large industrials. I cannot agree 
with the author of the paper when he states that “‘the power- 
sales division of the utility is only interested in selling energy 
and is not interested in the economic or engineering aspects of 
the power problem as a whole”’ or that ‘‘sometimes extravagant 
effort is made to prevent industrial generation,’’ or that ‘‘an 
unsound economic condition in power generation is maintained 
by the utilities’ competitive sales campaign.”’ 

Mr. Harkins shows two diagrams evolved by W. B. Skinkle, 
suggesting coordinated increase of generating capacity by the 
utility and the industrial for the purpose of avoiding generating 
capacity beyond requirements. This procedure is theoretically 
interesting, but is applicable in very few instances, because of 
the vast difference of capacity of generators required by utilities 
and industrials. 

Another stumbling block in the road of cooperation is the 
very frequent extravagant idea expressed by engineers of in- 
dustrials as to the value of dump or surplus electric energy 
available by their plants. It is not kept sufficiently clearly in 
mind that a utility is obliged to give service at all times on de- 
mand. Therefore, it must have sufficient generating capacity 
at its disposal and under its control to meet such requirements 
immediately. For this reason any dump energy to be delivered 
by the industrial can have fuel value only as determined by the 
most efficient power plant of the utility. If we assume, for 
instance, that an energy of 13,500 Btu met is required per kilo- 
watthour by large generating units at, say, 40 per cent capacity 
factor, and the cost of coal burned is 1.7 cents per therm, the 
value of the dump energy is but about 0.23 cent per kwhr. 
From this value certain deductions must be made for losses and 
fixed charges for investment, if the lines of the utility are not 
available within the immediate proximity of the industrial 
plant. If proper allowance is made for such items and if con- 
sideration is given to the approximate price of 0.4 to 0.5 cent 
per kwhr, which is expected by some industrial plant engineers, 
it is evident that such schemes are bound to collapse if the ab- 
sorption of surplus electric energy of the industrial by the 
utility is the sole purpose of the interconnection of the utility 
and the industrial. However, if the industrial will purchase 
at least a fairly substantial block of electric energy from the 
utility, and wishes to feed back into the utility system surplus 
energy in proper proportion to the energy purchased at the 
approximate fuel value of the utility power station, a good eco- 
nomical foundation for cooperation would be established. 

Likewise, difficulties arise frequently when it is intended to 
tie private plants having small capacity to large utility systems 
for lack of proper regulation, a low power factor of the indus- 
trial plant, proper capacity of circuit breakers, etc. To over- 
come these difficulties additional expenses must be incurred 
militating somewhat against the unidirectional flow of surplus 
energy from industrial to utility. 

It should be kept in mind that, while the regulation by the 
Commerce or Railroad Commission applies mainly to the sale 
of electric energy at definite rates without discrimination, the 
utility must grant similar conditions of service to all industrial 
plants. Since these naturally show considerable different eco- 
nomic set-ups in the generation of energy, it is obvious that 
variations in set-up stand somewhat in the way of effecting the 
exchange of electric power between utilities and industrials. 

Since several instances of cooperation abroad have been cited 
in the paper, it should be mentioned that overall utility practise 
in this country is somewhat further advanced than that abroad 
and also that the sale of energy per capita is considerably 
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higher. Asa result, the electric rates are relatively lower than 
in Europe if we consider that the cost of equipment is 40 to 70 
“per cent higher in this country. The conclusion is that the 
‘natural flow of energy is from utility to industrial. It should 
also be kept in mind that the European and foreign plants, some 
of which have been cited in the paper, are relatively small and 
in many cases are possible because many European utilities are 
not subject to the rulings of commissions and are freer in nego- 
tiating power contracts as dictated by individual conditions. 

Dual-purpose utility power plants occupy a distinctive posi- 
tion in the vast field of producers of energy in various forms and 
will be built wherever the economic and local conditions war- 
rant. It cannot be construed as lack of cooperation on the part 
of utilities if they find themselves unable in times like the pres- 
ent to respond in every instance to a demand for steam and 
power in a certain locality. Unfortunately, little definite prac- 
tical information of such dual-purpose power plants have been 
made available. 

Lastly, it should be mentioned that energy in various gaseous 
forms must be considered in the interchange or buying and sell- 
ing of energy. Long-distance natural-gas lines, replacement 
of rich gas by lean gas, use of mixed gases, availability of re- 
finery gas, low off-peak gas rates, adjustable off-peak electric 
rates, all play important réles in this adjustment, which has 
been going on during the last five to ten years. Judging by 
conditions in the Chicago district, the reproach made by the 
author is wholly unjustified. Such projects cannot be forced 
through as a general policy; each project must be considered 
individually and must stand on its own merits. 


Axrrep W. Fox® wrote: Mr. Harkins has presented an inter- 
esting résumé, pursuing his analysis to logical conclusions 
with which I am in full agreement. 

Unfortunately, some of the public utilities maintain an “‘all 
or nothing”’ attitude, that is, they do their utmost to prevent 
the installation of a private plant, but if it is built, they will 
refuse to cooperate in an interchange of power and will not 
furnish stand-by service except at relatively exorbitant rates. 
Obviously, if the industry’s low-pressure steam requirements 
are greatly in excess of the electrical, it is deprived of an addi- 
tional source of profit from the sale of surplus energy. 

In all fairness to the utility, however, such surplus energy, 
available only in small quantities and at odd moments, is 
worth only the saving in generating cost at the least efficient 
central station which happens to be on duty at the moment. 
The figure, consequently, would not be the same in the different 
utility systems and would vary in any one system with the load, 
but it may be taken roughly as 3.5 to 4.5 mills per kwhr. 

Assuming that the steam and electric generating plant is al- 
ready installed, the cost of producing such surplus energy is 
made up of the fixed charges on and the operation of the neces- 
sary substation and switching equipment to tie into the system. 
The additional fuel required may be neglected in most cases, 
since the advantage, for process purposes, of superheated steam 
from a reducing valve over dry saturated steam from a properly 
proportioned back-pressure or bleeder turbine is negligible in 
the average industrial plant. This cost must be deducted from 
the 3.5 to 4.5 mills given above to determine the true value to 
the utility or the net profit to the industry. It is apparent that 
unless large quantities of surplus energy are available there 
will not be a great amount of profit for either party. 

The point which I should like'to emphasize is that proposed 
industrial plants in a position to supply surplus energy could, 
at relatively slight expense, be converted to give firm power 
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either under direct utility supervision and operation or subject 
to the call of the load dispatcher. Energy in this form is worth 
much more than 1 or 2 mills per kwhr; it is worth that plus 
the capacity value of the peak load which it is able to carry. 
This should be self-evident but a simple illustration may be 
of interest. 

Table 1 of the paper presents interesting data, showing that an 
industry requiring up to 400,000 lb per hr of 200-lb steam can 
generate from 0 to 42,000 kw, depending on the type of plant 
selected. If the industry requires up to 5000 kw and if the 
steam and electric demands are fairly coincident, it might in- 
stall a 400-lb 750-F boiler plant and back-pressure turbine which 
would take care of its own needs. 

If, however, a market for surplus power existed, at slight 
additional expense, say, $7 or $8 per kw, a 1200-lb 750 F plant 
could be installed and would supply 13,750 kw, or 8750 kw 
additional. Assume that the local utility company has an 
installed capacity of 100,000 kw and is carrying a peak load 
of 93,000 kw. A year from now the load is expected to increase 
up to ort beyond capacity and a new unit or plant will have to 
be added to the system. The cost of a new plant would prob- 
ably be not less than $80 per kw, but the cost of adding capacity 
to the industrial plant should be about $40 per kw. With 15 
per cent fixed charges, a net capacity value of $5.35 per kw or 
$46,875 should be credited to the industrial plant. 

This materially enhances the value of the surplus energy. It 
may be argued that the industrial plant’s maximum steam de- 
mand of 400,000 lb per hr might not coincide with the utility’s 
peak-load periods and that only 2000 or 3000 kw might be 
available. But what is to prevent the generation of 400,000 
Ib of steam per hour during these relatively few hours per year 
and even venting the exhaust steam to the atmosphere if the 
installation of a low-pressure turbine could not be justified? If 
the plant were called on as often as 100 days a year with 50 hr 
of actual use, the waste would be less than $10,000. 

It is in this respect of providing peak-load capacity that sta- 
tions like Deepwater, Baton Rouge, and Schenectady are dis- 
tinguished from the numerous smaller ones which furnish 
merely surplus energy. Undoubtedly many existing industrial 
power plants could provide the utilities with stand-by service 
which will be of value when loads again pick up. 

As Mr. Harkins points out, industrial executives must be 
educated in the natural advantages for economic electrical gen- 
eration possessed by their plants, and a spirit of cooperation 
must be developed by both parties to insure success. Perhaps 
many of these projects will never be developed until both parties 
are brought together by a disinterested third person—an engi- 
neer with the ability and patience to work out the many com- 
plex details which must arise. 


C. F. Hirsuretp® wrote: When one discusses a paper on so 
controversial a subject as that treated by Mr. Harkins, there is 
always the danger that one may be accused of a partizan view- 
point. For this reason I think it well to start with certain re- 
marks of a personal character. 

I am employed by a well-known light and power company 
and for that reason may be assumed to have the utility view- 
point. 

But the utility with which I am connected is widely known 
as an open-minded and progressive one and has, in fact, not 
only studied interconnection with industrials for many years 
but is actually operating with several such interconnections 
at the present time. 

Further, as early as 1929 I presented at a national meeting of 
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light and power company executives a rather elaborate and 
comprehensive study of the possibilities, advantages, and limi- 
tations of such interconnections and have been identified with 
the discussion of the subject more or less ever since. 

And finally, as a private consultant, I have handled, for both 
power companies and industrials, studies and negotiations in 
this field. I believe you will agree that, in spite of my utility 
connection, I should be able to view this problem in a manner 
at least approximately non-partizan. 

I want to start my discussion by complimenting Mr. Harkins 
upon the very broad and impartial way in which he has treated 
the subject. He has. endeavored to point out honestly and 
fearlessly both the good and the bad. He has criticized equally 
the mental inhibitions and ineptitudes of both parties to such 
agreements. He has, on the whole, endeavored to give an 
elder statesman’s treatment of the subject and I believe he has 
succeeded very well indeed. Moreover, while doing this he 
has collected in one place and in easily readable form a mass of 
very valuable information. 

But it must be noted that his treatment rests fundamentally 
on certain statistical facts, such as the relative capacities of 
central-station and industrial plants for the country as a whole, 
the increased electrical output obtainable with improved equip- 
ment in industrial plants, and the like. This is a valuable but 
also, on occasion, a dangerous method of analysis as is well 
illustrated in the field of by-product central steam heating. 

For example, it has been shown many times by this method 
that power companies could do a very profitable central-heating 
business by generating electricity in non-condensing equip- 
ment and distributing the exhaust steam for heating purposes. 
And yet, those companies having the largest central-heating 
installations have resorted almost entirely to the direct genera- 
tion of heating steam instead of the use of combination plants. 
And it should be noted that in some cases these companies actu- 
ally started the business with combination plants. There is no 
overall and simple explanation of this phenomenon. Non- 
coincidence of heating and power loads and different character- 
istics of the two loads form parts of the explanation. The oc- 
currence of electrical peaks at times of the year in which steam 
loads are close to minimum values is another part. The cheaper 
distribution system obtainable in a large area when high- 
pressure feeders are used in preference to low-pressure feed- 
ers is another. In fact, the problem is so complex that each 
case must be studied separately and on its individual char- 
acteristics. 

The same sort of thing is true with respect to interconnection 
of industrial and central-station properties. There is no doubt 
that there are cases in which such interconnection is highly ad- 
vantageous to both parties, but it would be wrong to argue 
from these that this must necessarily be true in all cases or in 
the great majority of cases. 

The author correctly puts his finger on one of the great dif- 
ficulties met in attempting to negotiate such interconnections 
when he refers to the misunderstanding of the value of a unit 
of energy. He might properly go further and state that this 
is only one of many difficulties which may be summed up either 
under the head of difference in viewpoint or difference in char- 
acter of business. After all, each industrial establishment is 
run for the purposes of itself and not to supply by-product en- 
ergy. In general, the by-product is not of sufficient value to 
justify its production in the absence of need for the principal 
product. And therein lies the great stumbling block in the 
way of many apparently possible interconnections. 

The paper refers to the necessity of conducting negotiations 
thfough or with the full knowledge of the engineers of both 
parties in interest. He undoubtedly has in mind, though 
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possibly unconsciously, the engineering staff of an industrial of 
the type he is connected with. However, if any such extent of 
cooperation as he envisages is to be brought about it will in- 
volve dealings with industrials of much smaller magnitude. 
Here one meets, in general, executives who know little or noth- 
ing about steam and power problems and operating engineers 
who have their reputations and their jobs to protect. The 
combination is well-nigh hopeless and such experience in this 
field as Iam familiar with indicates that this combination prob- 
ably presents more difficulties than any other single phase of 
this complicated problem. 

The paper under discussion lays great stress upon the eco- 
nomic advantages of these interconnections from the national 
viewpoint. I think it correct to assume that the refinement of 
all arts and businesses which comes with age and with competi- 
tion will automatically lead to more and more of these arrange- 
ments. But in every case they must be based upon business ad- 
vantage to each of the parties to the agreement and not upon 
any altruistic motive such as the conserving of the national 
store of fuel or the improvement of national business. 

In closing, I would like to draw attention to one aspect of 
this matter that the paper does not touch upon and which I 
have never seen referred to elsewhere in this connection. When 
a company undertakes to render public service it incurs certain 
legal obligations. Having placed itself in the position of a 
public utility it has, for instance, certain obligations with 
respect to the supply of that service to the public. I am an 
engineer and not a lawyer, but I suspect that if the interconnec- 
tion of industrial plants to public-utility systems goes very far 
some industrial executive who has not had adequate legal ad- 
vice will wake up some day to discover that his power plant 
is legal}+7 part of a public-utility system and must be run to the 
extent that public service dictates rather than as his private 
business demands. I know of at least one case that is some- 
what similar to this and in which the court decided against the 
well-meaning industrial. 


J. C. Hoss! wrote: The total cost of producing service is 
less when industry and utility cooperate than when they oper- 
ate independently. The saving in operating expense is then 
available for distribution between them in the proper ratio. 
If cooperation does not exist this saving is not accomplished 
and a preventable waste occuts. 

A simple rule which has proved successful in individual 
inter-company cases is: 

(1) Determine what action would be taken if the properties 
were unified. This is what is done in every case of detailed 
equipment design and it should be done in inter-department and 
inter-company problems. Utility engineers do not adopt motor 
drives for main auxiliaries because of the savings shown when 
figured on the basis of their standard rate schedules but rather 
on the actual station cost. Power-station design also incor- 
porates the same heat-balance problems which the present sub- 
ject covers. 

(2) Determine an equitable distribution of the benefits de- 
rived from combination operation and adjust the costs to each 
accordingly. 

In other words, many of our problems today are not engineer- 
ing or financial problems but questions of policy which should 
be solved on a sound basis so as to take full advantage of the 
opportunities. 

Unfortunately, the elements of such problems are not always 
as clear and as easily recognized as are the almost exact quanti- 
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ties found in steam and electrical calculations. Nevertheless, 


they represent dollars and should be so equated. 


E. C. Hurcuinson™ wrote: Mr. Harkins has brought to- 
gether and correlated an extremely interesting series of 
thoughts, facts, and figures appropriate to the title subject. 
Through the paper is a number of pertinent statements, any one 
of which may be developed easily into a small book. For this 
reason the paper is exceedingly stimulating to any one who 
will wish to give it serious thought. 

There is no doubt that a predominant policy among public- 
utility companies heretofore has been to discourage the in- 
stallation of industrial power by one means or another. There 
are, of course, some notable exceptions to this statement, but 
in the main it has been correct. 

I make this statement in the past tense because I believe that 
there is rapidly coming into the minds of utility executives the 
newer concept that the economics of any power-service re- 
quirement for industry or elsewhere must ultimately prevail. 
Therefore, it is unwise for any utility to take a position in 
which its policies are assailable and subject to destruction 
by the pure logic of the circumstances. 

Those utilities which have cooperated with industrial com- 
panies by exchanging power services, and even by extending 
steam services from utility to industry, are, to the best of my 
knowledge, well satisfied with the relationships they have de- 
veloped. Some express frankly their satisfaction with the 
results and decry the attitude of other utilities which persist in 
the old viewpoint. There are, for instance, utilities which, 
while not denying the economic superiority of the Diesel engine 
under certain services, still flatly refuse to use one or have 
anything to do with oil engines, because they have been the 
instruments through which some of their most difficult com- 
petition has been developed. There are likewise other utilities 
which have hospitably taken the Diesel engine into the family 
circle because it is a willing and efficient worker and may as 
well be doing it for the utility as for any one else. 

In discussing the cost of transmitting electricity, the author 
mentions that it costs from two to twenty times as much to dis- 
tribute electricity as it does to generate it at the station. He 
then makes an interesting and not ordinarily thought-of com- 
parison between the cost of producing a ton of coal and trans- 
porting it to the point of consumption. While the paper states 
a case in which the distribution cost was ten times the cost at 
the mine, it should be pointed out that there are many cases 
where it is fifteen times, or even more. 

One is also reminded of the occasion in Germany during the 
World Power Conference of 1930 in which the American Am- 
bassador was strenuously taken to task by Samuel Insull for 
a statement made in a speech criticizing the electrical industry 
for the large spread between the cost of producing electricity 
and the cost to consumer. 

It will be well indeed to give constructive publicity to the 
thought that transmission costs for electricity are, after all, 
no greater proportionately than are numerous other distribu- 
tion costs. Distribution costs will not increase if they are 
not economically justified. Moreover, they will be sure to 
decrease in the face of more efficient power generation in indus- 
trial plants. 

Thus is seen definitely today the trend away from the blind 
purchase of utility power and the entrance into the question of 
“shall we purchase”’ or ‘‘shall we make’’ is a higher type of 
intelligence and a better grade of engineering than in any pre- 
vious time. This, I believe, is going to have the effect of limit- 
ing the expansion of utility business, generally speaking, to 
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those fields in which their service is economically superior to 
anything else. There are many such places and there are tre- 
mendous prospects for the growth of utilities. Such growth 
will, in my opinion, be enhanced and become effective in pro- 
portion to the willingness of the utilities to accept properly 
qualified isolated industrial plants into their network upon 
an equitable and mutually satisfactory plan for cooperative 
development and the interchange of steam and electric service. 


K. M. Irwin?? discussed the paper as follows: Mr. Harkins 
mentions the cooperation between the company by which I 
am employed and industrial concerns. I personally have 
spent much time with Mr. Harkins on one cooperative ar- 
rangement which is working out to the satisfaction of both 
parties. I am assuming, therefore, that this paper excludes 
“present company”’ and I want to assure him that my remarks 
do also. 

The impression given by the statements and data on the first 
two pages is that the capacity and energy that might be ob- 
tained by increasing the pressure in industrial plants and ex- 
panding the steam through back-pressure turbines is usable 
and of value to utility companies and that it is only their 
“shortsighted policy’’ and ‘‘unfair competitive method"’ that 
prevent its purchase. The first statement of the conclusion 
also presupposes that the capacity obtained is firm and that 
the energy has a definite value. 

In our experience, it has been difficult to find an industrial 
development where the excess capacity would be firm on the 
load curve. A definition of firm capacity is ‘‘capacity which 
will be, beyond question of doubt, available for use when 
needed.’’ If the capacity is not firm, the utility cannot pay 
money for it. We are sorry that ‘many industrial power engi- 
neers believe that the general refusal of the utilities’’ to pay 
money for something that is of no value to them “‘is unsound 
national economics.’’ I fear they mix ‘‘national economics”’ 
with what is best for their own particular firm. The surplus 
energy is worth, to the utility, something less than it would 
cost the utility to make it itself, less the transmission losses. In 
these days of interconnections between neighboring large com- 
panies, surplus power is, broadly speaking, a commodity of 
which there is a surplus and every fifth row should be plowed 
in. 

It should not be forgotten that in taking surplus energy, great 
care must be exercised not to use up transmission and distribu- 
tion capacity which is needed for the normal business, as savings 
on surplus power can hardly be large enough to carry additional 
investments. 

A great deal of time and money has been spent by our com- 
pany in making studies of concrete cases where it at first ap- 
peared possible to build a plant to supply a particular con- 
sumer or groups of two or three consumers electrical energy and 
steam. To date, only two cases have worked out to a solu- 
tion which would be mutually profitable to both parties and 
would also safeguard them against the contingencies of load 
variations. One of these cases is the Deepwater arrangement, 
and the installation of the other has been delayed due to busi- 
ness conditions. This type of arrangement ties up a relatively 
large amount of capital to the load stability of one or possibly 
two or three customers. 

Industrial plants have undergone radical changes in their 
steam and power requitements in the past. With business fluc- 
tuations, they may shut down for periods of time, change their 
products, change their process of manufacture, eliminate or 
add processes, or even go out of business. Tariff changes have 
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caused radical changes in the paper and sugar businesses. We 
know of a large oil refinery that uses practically no steam while 
others have a very large steam use. One cannot help but wonder 
whether some of those using large quantities of steam would 
not be tempted to change their process if they were not burdened 
with investments in steam-generating facilities. The loss of 
the load or a radical change in the steam or electrical require- 
ments of a customer supplied from a special plant may leave 
idle a large amount of investment, while the normal con- 
sumers which are connected to the main distribution system 
render only a relatively small amount of distribution investment 
idle when their loads are lost. 

These considerations make it appear necessary that a contract 
pe at a rate and for a term which will amortize the power- and 
steam-generating equipment during the life of the contract, 
A ten-year contract may cause the rate to be too high to be at- 
tractive and it is difficult to persuade industrials to sign fifteen- 
year contracts. When, due to load growth, it is necessary to 
increase the installation during the life of a contract, the prob- 
lem of amortizing the increased investment is present, especially 
if it is necessary to make the installation during the later years 
of the contract. Retirements and replacements which will 
probably occur during the contract must also be provided for. 

The economical advantage of this type of plant lies in the 
ability of the utility company to supply reserve for the gener- 
ating equipment and to take the excess production or to supply 
the deficit above the steam demand. 

Adding back-pressure turbines in the central supply com- 
pany’s main generating stations is, of course, a more attractive 
proposition, as the buildings and boiler equipment, etc., are 
useful for the general business of the company and even the 
back-pressure turbine unit may be utilized by the installation 
of a low-pressure unit or by exhausting into existing low-pres- 
sure equipment. The opportunity of locating customers within 
economical steam distribution radius of the main generating 
stations is generally limited. The feedwater problem, if the 
condensate is not returned, is also serious as the installation of 
evaporators takes up pressure head which could be used for 
power generation. 

The form of the corporate set-up and type of rate schedule 
also offer complications. Considerations as to whether the 
individual plant should be a part of the public service company 
or a separate company must be made and this decision has a di- 
rect bearing on the form of rate schedule. With a single cus- 
tomer served from the plant, methods of charges are relatively 
easy of solution but, with two or more customers each having 
a different ratio of steam to electric requirements, it becomes 
more difficult to distribute both the fixed and production costs 
equitably. 

The Deepwater station arrangement, referred to in the paper, 
is interesting in some of the results that have been experienced. 
I believe the parties to this agreement have faith in the fairness 
ofeach other. They know that the differences that have arisen 
are honest divergences of interpretation of intent and have 
settled them on a basis of equity rather than trying to take an 
advantage of literal interpretations of the contract. The satis- 
faction to the utility companies in this contract is not dependent 
on receiving either firm capacity or surplus energy from the 
back-pressure turbine, although it was expected when the 
contract was signed that both firm capacity and surplus energy 
would be available. The operation at this plant is an example 
of the way industrial loads and load characteristics vary and 
demonstrates why utility engineers are hesitant in considering 
the power from back-pressure turbines as firm capacity or be- 
lieving that steam and electrical peaks coincide. At the time 
the arrangements were entered into, the industrial’s engineers 
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thought that the steam and electrical requirements varied to- 
gether, that the steam used was such that excess energy would 
always be available, that there would be excess capacity avail- 
able in the back-pressure turbine which the utility company 
could count on as firm capacity, and that the industrial would 
only have to purchase additional power when the back-pres- 
sure turbine was out of service. 

Now, let’s look at the record! It covers the years 1931, 1932, 
and the first eight months of 1933. 


The maximum monthly kilowatthour use was 65 per cent 
greater than the minimum monthly kilowatthour use 

The maximum monthly steam use was 86 per cent greater 
than the minimum monthly steam use 

The kilowatthour required per 1000 lb of steam required 
varied from 34.6 to 44.7. 


The maximum number of kilowatthours that it was neces- 
sary to purchase from the power companies’ machines to make 
up for the lack of power generated by the back-pressure turbine 
was, in one month, 20 per cent of the entire industrial’s require- 
ments. In the month of minimum requirements, it was neces- 
sary to purchase but 4/100 of one per cent. 

The maximum amount of surplus power from the back-pres- 
sure turbine which the power companies could purchase was 
10.65 per cent of the total generated. There were five months 
when the back-pressure turbine produced no surplus that could 
be purchased. In one month, it was necessary to purchase 10 
per cent of the power required by the industrial from the power 
companies due to shortage in the steam requirements and, dur- 
ing the same month, an amount of power equivalent to 5 per 
cent of the industrial’s consumption was sold back to the power 
companies. All of the above data were for months in which 
the back-pressure turbine was in operation throughout the 
month. 

I believe these figures clearly show the unsynchronized use 
of steam and electrical energy in a large industrial establish- 
ment. 


James F. Murr!’ wrote: In his review of the many papers, 
which have been published on the interchange of steam and 
electric power, Mr. Harkins stresses, in a somewhat unique 
manner, the necessity of cooperation between industries and 
power utilities. 

The basis for interchange must, of course, be mutual profit, 
and a spirit of cooperation must necessarily be a function of this 
objective. If the parties to any prospective interchange plan 
do not cooperate, there is then no common ground for negotia- 
tions or agreement. 

In a problem so involved in technical and economic considera- 
tions it is but natural that differences of opinion, misunderstand- 
ings, and possible disagreements should arise. But when we 
consider that these same conditions are an every-day occurrence 
among all kinds of business and among industrials in the same 
business, it should be a matter of satisfaction that some prog- 
ress has been made, as evidenced by the author’s list of inter- 
change arrangements already in service. 

For the purpose of analysis and discussion, it becomes neces- 
sary to establish the extent to which the interchange plan can 
be adopted and to determine the respective responsibilities of 
the utilities and the industrials in the promotion of this plan. 

As a matter of general interest and to give a picture of the 
entire industrial situation, the author might have included data 
showing the industrial plants which purchase power from cen- 
tral power systems. While most of these utility customers 
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are not in a position to interchange, this information would 
give an indication and a measure of the extent to which indus- 
trials depend on the central-station system for power service. 

It is common knowledge that a very large percentage of 
central-station power is generated for industrial purposes. In 
fact, in the system I am associated with, more than 80 per cent 
of the total output is delivered to industrial plants. 

In this connection Mr. Harkins discloses that in the 81/2 mil- 
lion kilowatts of industrial capacity, the average size of gen- 
erators is 450 kw. Furthermore, the paper states, in effect, 
that the interconnection of a great many small units presents 
a hazard and reduces the quality of service to all customers. It 
is reasonable to expect that this conclusion has been arrived at 
after a careful analysis of conditions. It must be agreed, there- 
fore, that the average plant is too small to warrant interchange 
considerations. In any case, our investigations indicate that 
these avetage plants have little or no surplus power available 
and the installation of additional equipment for this purpose 
cannot be justified. 

In considering, then, the plants which are qualified to be in- 
cluded in a study of interchange arrangements, and which are 
not a patt of the central power system, it becomes a vital part 
of this study to sort out or separate the favorable and unfavor- 
able possibilities. 

Plants with large power loads and relatively small ptocess- 
and heating-steam requirements may be considered as the steam- 
condensing group. This group, which includes glass, coal 
and coke, iron and steel, metal products, etc., represents a very. 
large percentage of the plants above the average size. With 
the greater portion of their power needs generated by condens- 
ing units, the advantage of the interchange is of small conse- 
quence. Although power from these plants could be delivered 
by relatively short transmission systems to local customers, this 
advantage would be offset, to some extent, by the fact that the 
industry must be served first. The outside customer is of more 
or less secondary importance. In this group, however, there 
are a few plants where waste heat and fuel are available. In 
such cases the installation of interchange capacity might be 
watranted, but the number of plants in this category represents 
an insignificant part of the industrial field. 

There now remains the group of plants with large steam de- 
mands and relatively small power requirements. These types 
of plants constitute a field for the development of possible inter- 
change arrangements. As a result of investigations in the sys- 
tem in which I am employed, the number of plants having large 
steam demands and relatively small power requitements repre- 
sents only one-half of one per cent of all industrial plants in the 
territory. This territory covers an area of 20,000 square miles 
and is typical of a highly industrialized region. 

In summarizing the situation as outlined above, it is quite 
evident that the field of interchange is very small indeed, 
probably consisting of a few of the industrial plants with large 
steam and small power requirements. 

Having arrived at this conclusion by investigation and a con- 
sideration of the many factors involved and encountered in in- 
dustries of almost every description, it would seem appropriate 
that some further comments be added with respect to the atti- 
tude of the industrials in connection with the supply of power. 

In the past (and it is likely to apply in the future) industrial 
concerns have been more interested in investments which would 
show a high return in manufacturing equipment. While the 
savings in the power-plant department by high pressures and 
mercury cycles may show some advantages, these savings would 
be insignificant compared with the profits on industrial-plant 
manufacturing equipment investments of the same magnitude. 
This statement of investment policy is not merely an assump- 


tion, it comes directly from both small and large industrial in- 
terests. . These concerns are not interested in complicating their 
normal manufacturing activities by power developments beyond 
their local requirements. They purchase electricity from the 
central power system because it is profitable to do so and be- 
cause these purchase agreements can be discontinued should 
the arrangement prove to be unsatisfactory. 

Industrial concerns are specialists in the manufacture of com- 
mercial products. In fact they must specialize and concentrate 
on the improvement of their methods of production and the 
quality of their goods. These activities result in an almost 
continual change from year to year, and in some cases, month 
to month, in processes, in the demand for goods, in equipment 
of new types and kinds, in the character of business, and in the 
use and amount of their power and steam demands. In fact; 
changes ate so rapid that the average life of industrial plants 
is astonishingly short. It is less than a decade. 

In operations surrounded by such uncertainties it is only 
logical that the attitude of industrials should be one that points 
definitely toward a‘release from the responsibilities of the 
technical problems and the highly specialized operations of 
the power business. 

It is a known fact that with but few exceptions industrial 
power plants are not equipped with steam and electric gener- 
ators which can compete in performance and production costs 
with those in service in central power systems. In order to 
meet this competitive situation and make the interchange plan 
effective and profitable, new high-pressure steam and electric 
generating equipment would have to be provided. From our 
record of 10,000 personal contacts each year with industrials it 
can be stated with confidence that the vast majority are not 
interested in the installation of new high-pressure equipment 
for interchange. 

Mr. Harkins points out that the larger part of future electrical 
generating capacity should very probably be installed in or near 
industrial plants rather than in condensing-steam and hydro 
central stations. 

The economic advantage of stations conveniently located in 
industrial centers for the supply of steam as well as power is 
thoroughly appreciated by the power companies. In fact, in 
the summer of 1929 our company completed studies and was 
prepared to undertake an installation of this kind. These 
plans were upset by the depression and its duration has altered 
temporarily the power-supply situation. However, as soon 
as normal business conditions are established, we are fully com- 
mitted to a policy of active promotion of such schemes as are 
warranted by sound economic conclusions. Indeed, the major 
part of my activities are centered around investigations into: 
these possibilities. 

Although the development of such projects is governed by 
the demand for process steam, the turbine equipment in these 
stations cannot be confined solely to the back-pressure unit as 
sponsored by the author. Seasonal variations and wide fluctua- 
tions in industrial demands would, in most of these installa- 
tions, result in very inefficient loading of turbines of the back~ 
ptessure type. 

From the author’s comments it is not clear whether he favors. 
the development of. these projects by the utilities or by the 
industrials. It would seem a reasonable assumption that this 
type of power enterprise is an activity which should,.and prob- 
ably will, be undertaken by the utility. The power companies. 
are ina position to provide high-efficiency condensing base-load 
plants of capacities considerably in excess of local steam and 
power loads. Extraction steam would be used for process, 
and surplus power would be delivered to the system. On ac- 
count of the larger capacity and the high economic advantage: 
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of base-load operation, the unit cost of production would be 
reduced to a minimum. A plant of this type would not be 
affected by changes in manufacturing processes and it would 
have the same reliability as any modern super-power station. 

Let us hope that the few plants of this type already in service 
will furnish the incentive for more active cooperation between 
central power companies and industrials in an expansion of this 
most recent and interesting plan for the development of power 
facilities. 

Regarding the attitude of the utilities with respect to the 
purchase or interchage of power from industrials, I can, of 
course, give only an expression of the policy of the company 
by whom I am employed. It can be stated definitely that we 
are interested in obtaining adequate and reliable power at any 
place, provided the cost is in line with incremental value of 
similar blocks of power from existing plants already in opera- 
tion in the system. 

This discussion has attempted to point out as a result of ex- 
perience and contact with a great variety of industries, that 
possible interchange arrangements are more or less insignificant 
when considered in terms of the industrial field as a whole. 
However, regardless of the number of possibilities, it is im- 
portant that the power utilities exercise all possible interest 
and cooperate to the fullest extent. This, I am sure, is the 
honest intent of all progressive central power systems. 


Gro. A. Orrox!! wrote: In preparing a discussion of this 
paper I found that I would greatly exceed the ten minutes al- 
lowed me so I prepared an article which appeared in Power 
Plant Engineering, December, 1933, where I have given facts 
and figures concerning the most interesting interconnection at 
ptesent in existence, that of the Union Générale Belge d'’Elec- 
tricité. 

In the years preceding 1925, Mr. Fernand Courtoy, of Brus- 
sels, worked up a plan for the coordination and interconnection 
of the power supplies of Belgium. This proposal was soon 
followed by the appointment of a commission whose report was 
embodied in the law of March 10, 1925, establishing the Union 
Générale Belge d’Electricité. This corporation grouped to- 
gether all the large producers and users of power from all sources 
in the eastern half of Belgium. The size of the plants connected 
was limited by the requirement that they should take at least 
from 500 kw to 1500 kw of demand. These plants were con- 
nected by high-tension lines into one system managed by the 
load dispatcher at Liége, and by 1929 an aggregate of about 
500,000 kw had joined the system. The higher-cost plants had 
been shut down or relegated to peak-load operation. The 
net savings for 1928 operation were more than 4,000,000 francs 
and the profits to members were of the order of 2 centimes per 
kwhr for the 1928 operation. In 1929 the profits on a much 
larger business were about 1!/, centimes per kwhr. The 1930 
business approached 1,000,000,000 kwhr, with profits of about 
the same figure. 

Since the preparation of the article referred to, I have received 
a letter from Mr. F. Bochkoltz, director of the Union Générale 
Belge d’Electricité, who tells me that the 150,000-volt trans- 
mission line connecting the provinces of Hainaut and Liége has 
been completed and the paralleling of the entire system is now 
in operation. The generating capacity is substantially the 
same as in 1932, while the returns paid to the affiliates have 
amounted in each year, 1931, 1932, and 1933, to one centime 
per kilowatthour. He corrects one statement which I made 
in Power Plant Engineering by saying that up to date no govern- 
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ment representative has been appointed to the board of direc- 
tors, although the possibility is provided for in the law of 1927. 


J. A. Powett wrote: Iam thoroughly in accord with the 
broad idea of interchange of steam and electric power between 
industrials and public utilities, having studied this subject for 
several years. 

Such projects, however, should only be executed after a very 
thorough study has been made, taking into account not only 
the cost of the steam and electric generation, but also the long- 
time economy and availability of such generation from indus- 
trial plants, the changing energy demand on the utility system, 
the method of joint plant operation, and the local conditions 
peculiar to that particular project. For such studies a thor- 
oughly competent engineering organization should be called 
in, who, with the cooperation of the industrial and the utility, 
can ascertain all facts and work out a most economical solution 
for approval. 

I have been associated with a number of such investigations 
during the last four years. In general, the industrial and the 
utility have fully cooperated in all studies. These studies re- 
vealed the necessity of a thorough examination of the condi- 
tions for each individual project. Not only should the present 
steam and power consumption of the industrial be checked, but 
possible improvements in operation should be investigated, as 
these may materially affect the steam demand and thereby the 
result of the study. 

In several studies, it was found that an interchange of power 
between the industrial and the utility was not as favorable as 
a superficial study seemed to indicate; in other cases, such inter- 
change of power was found definitely economical and feasible. 
In general, it may be said that an industrial plant must be of a 
cettain magnitude and must be doing a stable business to make 
it attractive for the utility to connect this plant to its system 
for power generation. 

In one study made, the steam demand of the industrial was 
approximately 500,000 lb per hr, with a yearly steam require- 
ment of 3.5 billion pounds. The thoroughness of this study, 
which was completed about two years ago, may be judged from 
the fact that complete estimates were made for eight arrange- 
ments, including installation and operating costs for a plant 
using steam at 1400 lb, 600 lb, and'a mercury boiler. Thesmall- 
est mercury unit which the manufacturer was willing to install 
was for 20,000 kw, thereby limiting the benefit of the mercury 
cycle to the largest industrial plants. 

The result of this study was gratifying in that it showed that 
a plant built for the supply of steam to the industrial and elec- 
trical energy to the utility was economical, feasible, and bene- 
ficial to both parties. Due to the slump in business conditions 
which reduced the steam requirements of the industrial and also 
the energy requirements of the utility, the postponement of the 
actual installation was necessary. In this case, as in several 
others, plans are complete and the actual purchase of equip- 
ment and installation of units can be made without delay when 
business conditions warrants such action. 

A number of engineers and executives in this country are 
fully aware of the possibilities of such interchange of steam and 
electric power and that the studies made will prevent them from 
the pitfalls of overenthusiasm in a new field, and lead to quick 
action based on a careful analysis of the facts when conditions 
permit. 

Many joint power projects have unquestionably been delayed, 
due to cheap fuel and dump hydro power experienced during 
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the last few years, and difficulty in obtaining new capital for 
such projects. 


Guy B. Ranpatr!® said: There are so many interesting 
statements in this paper by Mr. Harkins that it will naturally 
develop a lot of interesting discussion. But his seven conclu- 
sions, well summarized at the end of the paper, must appeal 
to the vast majority of engineers who have followed this 
development as being quite sound. 

In the body of his paper, as well as in conclusion No. 2, Mr. 
Harkins, in my opinion, has perhaps unintentionally left an 
erroneous impression when he makes his brief references to 
hydroplants. As I have suggested in at least two previous 
articles dealing with this subject, there can hardly be any seri- 
‘ous competition between steam power and water power if our 
national power development is carried out in a rational way. 
‘One has only to visualize the inevitable national, and even inter- 
national, ‘power pool”’ to realize fully the fundamental truth of 
this statement. A water-power plant not only can be very 
simply and quickly placed in service and likewise stopped but 
by drawing on water storage can develop enormous peak-load 
capacities. Water-power plants can also be arranged in many 
‘cases to pump water for storage, thus consuming certain steam- 
power and water-power surpluses. It is, among other con- 
siderations, for reasons such as this that water-power rights 
will, in the future, prove highly valuable in a unique way. So 
steam-power development, either on a condensing or a by- 
product basis, does not operate to make water power useless but 
rather tends to modify and to enhance the importance of its 
ultimate economic application. I say this, and yet in the same 
breath admit I am a ‘‘steam’’ man. But when I talk about 
a watet-power plant I do it ‘‘with my fingers crossed.’’ Be- 
cause, after all, a hydroplant is nothing but an elementary 
steam plant in disguise. In it the boiler feed pump is simply 
reversed and magnified to the dimensions of the main prime 
mover, a hydraulic turbine, while the sun and the ocean act 
as the heat source and the boiler, respectively. So if anything 
can be regarded as certain it is that we should not be faced with 
a problem of steam power versus hydro power but rather with 
the problem of the proper coordination of our three great steam- 
power sources, namely, (1) condensing steam, (2) by-product 
steam, and (3) ‘‘hydro steam.”’ 

Mr. Harkins follows his water-power statement with a 
second point which is tied into conclusions Nos. 3, 4, 5, 6, and 
7. I do not question these conclusions. But I do think 
that the paragraph beginning at the bottom of page 12 may 
reasonably be examined from a slightly different angle. I refer 
to the general subject of the rights and responsibilities of a 
utility power company in dealing with an industrial plant as 
to surplus power and power interchange. The key to the solu- 
tion of this problem jointly confronting the industries and the 
utilities is probably to be found in a careful review of the essen- 
tial character of the utility power companies and their proper 
relations to the communities they serve. This involves con- 
sideration of their obligations no less than their privileges. 
They are privileged to exercise the right of eminent domain, to 
occupy streets, roads, and other public places in a monopolistic 
manner for the conveyance of their product, and to charge such 
prices as will net them a reasonable or fair return on their in- 
vestment. Their chief collateral responsibilities are to exercise 
reasonable prudence in management, to avoid interfering un- 
duly with the use of public places or highways. and to see 
that service is adequate to meet the ever-changing needs and 
standards of the communities they serve in this quasi-public 
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relationship. They are in no sense granted any monopoly on 
the making of electricity. Any one may do that. Nor on 
the selling of it. Any one may do that. Their monopoly 
lies in the rather exclusive use of public property for conyey- 
ing and distributing electricity. That is, they are permitted 
to install private ‘‘powerways’’ on and under public highways. 
Now if I have a block of electricity to sell and ten squares down 
the street another party has a block to buy I, as an ordinary 
citizen or company, cannot make the sale unless I make delivery 
over a private transmission line running on private property. 
That is, I must follow this method, which is usually prohibi- 
tively expensive, unless I can prevail upon the power company 
to do the conveying. In this event, I sell the electricity to the 
power company, which in turn allows it to flow over their wires 
to the buyer’s premises where they then re-sell it to the buyer. 
Suppose that as a surplus-power producer I finally induce the 
utility to make mea price for my surplus. This price, of course, 
would be discouragingly small as compared to what the cus- 
tomer pays. As an alternative I might then suggest to the 
utility that they simply place three independent wires on their 
existing structures and connect me with my customer. At one 
stroke I have cleared away a wilderness of entanglements and 
complications. The basis on which the deal may be negotiated 
now assumes relatively simple proportions. Ican make money, 
the power company can make money, the customer can make 
money, and the community is better off. This is the common- 
carrier idea reduced to its simplest terms where electricity is 
the commodity. The full solution, of course, involves another 
step which I have, for almost exactly ten years, labeled and 
described as a ‘‘power pool.’’ This great power pool is coming 
inevitably. Many members here in this meeting can easily 
recall when it was quite common for railroads to refuse freight 
originating on other lines. But such a custom could not long 
prevail because it was so obviously contrary to the public in- 
terest. The same reasoning applies to the power problem. 
Pooling is natural. The only question really open to discus- 
sion is how best it may be done. We can recognize it and ar- 
range for an orderly development. Or we can refuse to recog- 
nize it but nevertheless will get it through a course of zig-zag 
progress which will serve mainly to increase both the expense 
and the time for a given development. So perhaps lexicogra- 
phers, as well as engineers, should add to waterway, high- 
way, tailway, and airway, an equally portentous development 
logically called ‘‘powerway,’’ because, like its four consorts, 
it will be essentially a common carrier. 

In the foregoing I have emphasized in a little different way 
some of the features of the problem which Mr. Harkins has 
ably dealt with. These are features which are important, not 
only for engineers in general but for much of the public to 
understand. Such understanding will, perhaps, keep us from 
losing a sense of proportion—a thing which has occurred too 
often in the past. Mr. Harkins, perhaps, recognized this fact 
but in one paper cannot include everything. As another in- 
dustry interchanging power with a utility system, I might add 
The Champion Coated Paper Company to the list he discusses. 
This company, in its Hamilton plant alone, generates well over 
one hundred million kilowatthours per year, sells about ten 
per cent, and buys about one per cent. The interchange is on 
“‘when, as, and if’’ basis chiefly because of the utility’s insis- 
tence. The utility’s selling price is three times the industrial’s, 
Probably neither party is satisfied with the arrangement though 
relations are certainly friendly. The satisfactory solution of 
this case and all other cases must, in the final analysis, depend 
upon some sort of public agreement as to the principles in- 
volved. This in turn calls for a very considerable amount of 
free and open discussion. The ends of logic, justice, and econ- 
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omy are not well served by silence, secrecy, or equivocation. 
The existence of a north pole and a south pole implies an equa- 
tor. Let us all hope we find it without resort to a complicated 
legal instrument. Yet some kind of a code will doubtless be 
necessary for a good many reasons. But it must be remembered 
the present by-product or surplus-power situation is not exactly 
something new under the sun. It is rather the old, old story of 
a natural and gradual technological advance which may ulti- 
mately exert enormous pressure—like water freezing in a granite 
rock—simply because it is constrained. 

One peculiar result of this constraint lies in connection with 
the maximum-demand and emergency-service policy followed 
by most of the utilities. The set-up is such that if I want to 
install one thousand kilowatts of capacity to generate some 
power, the utilities indirectly force me to install another 
thousand kilowatts of capacity for emergency reserve. I say 
this because in every case I have known much about it has 
been cheaper to install used or second-hand equipment in a 
first-class manner to supply emergency service than to buy it 
from the utility. I have been a little surprised at some cases 
where engineers have recommended purchasing emergency 
service when the used-equipment solution would pay 20 to 
100 per cent yearly dividends. In this connection used equip- 
ment—or old equipment—is not to be taken lightly. A keen 
engineer can often accomplish wonders with it for service 
with a 5- or 10-per cent use factor. And, believe it or not, 
some of the old equipment is better for standby service than 
some of the new. But most utilities seem to feel that in any 
event this reserve equipment is an industrial plant’s own 
ghost. I am not so sure. I often wonder if, in the natural 
course of future events, the utilities may not some night 
awaken in a cold sweat to find it haunting them. 

Whatever the material facts may be there is little ground for 
belief that industrial plants, as surplus-power producers, will 
receive unprejudiced consideration of their claims by the utili- 
ties except as they arrange to press them diligently. If any 
one is inclined to doubt this statement, let him investigate the 
known facts of electric-appliance retailing and the laws that 
have been passed—or are pending—in many states to govern it. 
Much information is available in this connection from the 
various state retail associations. But this very situation offers 
a unique opportunity to the utilities to demonstrate that they 
do realize and do assume the responsibilities as well as the privi- 
leges conferred through their public-granted monopoly for con- 
veying and distributing electricity. If they do make use of 
this opportunity they will not only have an added reason for 
further development but will rise above that level of thought 
and action that now seems to justify applying to some of them 
that old but logical and classical injunction, ‘‘There are more 
things in heaven and earth, Horatio, than are dreamt of in 
your philosophy.” 

In closing, I feel compelled to mention once more’ the moot 
point as to the necessity for evaporators. All who have read 
this paper must have noticed that in Table 1 there is a curi- 
ous recession in the kilowatts of power available when the 
increasing steam pressure reaches 650 lb. This simply means 
that Mr. Smith thinks evaporators are not required at 450 Ib 
but are required at 650 lb. There is an abundance of actual 
operating evidence that they are not needed up to approximately 
750 lb, inclusive. The recognized authorities on feedwater 
and boiler-water-control also seem to agree that they are not 
needed for 1300-Ib operation. Operation of the plant with 
which I am connected has been notably successful and free from 
trouble of any kind without evaporators and with a make-up 
of 35 per cent of hard water for 650-Ib operation. I think the 

17 See Trans. A.S.M.E., 1931, paper FSP-53-26a, p. 346. 
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secret—if indeed there is any secret as some seem to think—is 
that water-treatment plants must be controlled by the hour 
rather than by the week. With evaporators or without evapo- 
tators first-class control is economically necessary because it 
pays handsome dividends to those who exercise it. 


C. Ricnarp SoperserG!® wrote: It is a curious fact that, 
although the fundamentals of the problem of interchanging 
steam and electric power have been well known for a long time, 
it is only during recent years that it has received due attention. 
Of the available possibilities of materially improving the ef- 
ficiency of power generation, the generation of by-product 
power offers by far the greatest possibilities, wherever there is 
a demand for steam for heating purposes. It will eventually 
transform a large percentage of our industry from power con- 
sumers into efficient power-generating stations. The author 
has ably brought out the inherent facts of this problem. 

It is in this field that the development toward higher initial 
steam conditions is bound to come into its own. The principal 
objection to high pressure, namely, the wetness in the exhaust 
of condensing turbines, is removed when the expansion is 
interrupted at the range of pressure generally used in industrial 
heating application. In this connection, I should like to call 
attention to the next to the last item in Table 1 where steam is 
expanded from 2400 lb per sq in., 1000 F, to 200 lb per sq in. 
with a by-product power generation of 24,050 kw for an exhaust 
steam flow of 400,000 lb per hr. This is presumably obtained 
on the assumption of no extraction for feed heating. Regenera- 
tive feed heating is of particular importance in this connection, 
however. When this device is brought into the picture, it 
will be found that the by-product power available comes close 
to the value obtained by the mercury process. Considering, 
for example, the more practical case of 2400 lb per sq in., 900 F, 
exhausting to 200 lb per sq in., and extracting for feedheating 
in three stages, including at the exhaust pressure, it is possible 
to generate about 35,000 kw for a steam flow to the process 
line of 400,000 Ib per hr. 


W. B. Sxinxuz.!? There is so much to be said on the possi- 
bilities resulting from the interchange of power facilities as 
between two industrial companies or between the industrial 
and the utility that it is difficult to determine what should be 
left out in order to bring the discussion within the limit of the 
time allowed. 

This paper by Mr. Harkins very effectively handles a problem 
to which the writer has given a great deal of study during the 
past fifteen years. He should be complimented on the brief 
yet able way in which he has treated this subject which is capa- 
ble of an almost infinite number of variations. 

The author makes one statement in his paper as follows: 
“if industrial management were educated in the economics of 
power generation, etc.,’’ to which I should like to make a 
considerable enlargement. The writer believes this statement 
should read: ‘‘If utility and industrial management, operators, 
and engineers were educated in the general subject of industrial 
economics, etc.”’ 

The inability of each group to visualize and recognize prob- 
lems faced by the other group is one of the major stumbling 
blocks in the conclusion of sound interchange agreements. 

Fundamental Economics. The two large oversights occurring 
in both groups are a failure to recognize and properly evaluate 
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the ‘‘time factor’’ in production, and second, a failure to realize 
that this mythical thing called ‘‘cost’’ is subject to consider- 
able analysis and variation. There very decidedly és such a 
thing as a ‘‘constant’’ cost which is independent of the pro- 
duction and there is also such a thing as an “‘increment’’ or 
‘‘out-of-pocket’’ cost which is dependent on the production 
and which varies widely in accordance with a constantly 
changing set of operating conditions. 

It has been gratifying to note how this present industrial 
depression is educating all classes of both utility and industrial 
men into some of these basic facts in industrial economics. 

Attention is called to one point illustrated by Fig. 2 of Mr. 
Harkins’ paper (see page 13) which it is believed is generally 
overlooked. 

Without considerable study and analysis of the subject, most 
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people assume that the great value of interchange results from 
the recovery of industrial by-product heat and the conversion 
of this heat into power. Without the all-important ‘‘time 
factor,’ energy recovered from industrial by-product heat, 
while not absolutely valueless, has in fact only a very small 
value as it must compete with the “‘increment’’ or ‘‘out-of- 
pocket’’ fuel cost of large utility equipment capable of putting 
a kwhr on the station bus bar at an expenditure of between 
three-fourths of a pound and one pound of coal. 

It is quite remarkable to note from a close study of Fig. 2 
what a small and almost insignificant quantity of ‘‘firm’’ power 
will be exchanged between the two systems. 

The area under the line ‘‘CD’’ represents the quantity of 
energy developed by the utility whereas only the small verti- 
cally sectioned areas between the vertical lines 2 to 3 and 6 to 7 
represent the help from industrial sources that is actually 
required by the utility company. The situation with the 
industrial is similar, where the diagonal dotted cross-sectioned 
areas between the vertical lines 4 and 5, and 9 and 10 represent 
the utility help in the form of “‘firm’’ power actually required 
by the industrial. 

It appears, therefore, that the chief advantage of interchange 
arises from the exchange of emergency power and the ability 
of the two systems to delay large investments in power equip- 
ment which, under independent development would have to 
be completely installed before any part of its output would be 
required and would then have to stand idle accumulating a 
high cost in fixed charges until the load grows to a point where 
its operation becomes necessary. 

The addition of generating equipment on a major utility 
system can easily cost as much as $6,000,000 which if delayed 
for one year means the avoidance of approximately $780,000 


expense in fixed charges. A large industrial plant may easily 
invest $2,000,000 in addition to power facilities on which the 
fixed charges would amount to $260,000 a year. With utility 
support, the industrial plant could probably delay investments 
much longer than would be possible in the case of a utility 
plant. 

During the past ten years I have had occasion to develop 
the economies involved in several interchange problems. It 
is my opinion that a sufficient number of interesting points were 
developed to make a review of some of these problems particu- 
larly opportune at the present time. 


FUNDAMENTAL EcoNOMICS 


In order to clarify the points presented it will be necessary 
to make a short review of some of the fundamentals of industrial 
economics which have already been presented in other papers 
but which it is believed will stand repetition. 

Fig. 3 is a typical curvé of unit costs plotted against produc- 
tion and illustrates how the unit cost decreases with increased 
production until it approaches an irreducible minimum. 

It can be shown that such a typical curve answers the general 
definition of a hyperbola of the form of 


n= m+ b/x 


If the total operating cost for any given rate of production is 
wanted, the units produced OL would be multiplied by the 
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unit cost OC. It can be shown also that the curve of Fig. 3 
can be expanded into a total cost curve like Fig. 4, which is 
a typical curve of total cost plotted against production. 

In this figure the total cost is shown to be made up of two 
parts: A constant cost b, which is independent of the produc- 
tion plus an increment cost mx, which varies directly as the 
production. 

The truth and practical application of this conception of 
costs have been proved many times in the writer’s investigation 
of industrial economies. An interesting side light to the fore- 
going is shown in Fig. 5. 

Variations in efficiency of the units in question change only 
the slope of the increment-cost line so that economies resulting 
from increased efficiency are dependent on a large production 
for satisfactory results, whereas changes in the constant cost 
of operating a given unit hold throughout the entire range of 
production. This principle has been of great value during the 
present periods of low production in pointing out those ele- 
ments of cost on which attention and effort should be con- 
centrated. 
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As an actual illustration of how closely industrial costs 
follow this principle, Fig. 6 is offered for inspection. 

In Fig. 6(4) actual ‘‘book costs’’ for every month of three 
consecutive years are plotted for a boiler house of about 3500 
hp of rated capacity. The variations from the cost lines shown 
on the graph are accounted for by changes in the cost of coal 
and also by the fact that repairs and ‘‘distributive costs’’ 
shown on the lower line are charged ‘‘in total’’ against the 
production of the month in which the expense is incurred. 
This means that although many items of repair and similar 
costs gradually accumulate over long periods of time, the 
production during the month in which the money is actually 
spent gets ‘‘soaked’’ with the entire burden. In Fig. 6(), 
the repair costs and similar items were ‘‘funded.’’ A given 
constant plus an increment was charged against each month, 
so that months of large production carried a greater amount 
of these costs than months of smaller production. The fuel 
costs were then charged at the weighted average cost of the 
fuel. 

This particular installation usually operated as a ‘‘make-up’’ 
unit to supply any deficiency in the by-product heat. During 
periods of low operation by-product heat was not available 
and the coal boilers were called upon for heavy production 
whereas at other times with a plentiful supply of by-product 
heat the coal station floated on the line and only picked up 
the load for short periods of deficiency in the supply of by- 
product heat. 

The result is an unusually wide variation in load, this being 
something over 600 per cent. The points on the cost line show 


per Month 


w 
» 
Ac} 

£ 

§ 
io) 
S 

1S) 

RS 
LS 

S 

* 
S 

g 

xe 


Dollars 


Cost, 
Constant Cost 


Units Produced 


Fic. 5 Comparison or INCREMENT Cost AND ConsTANT Cost 


how closely actual costs follow this principle when the un- 
avoidable variations in costs of raw material and some of the 
peculiarities in accounting practises are removed. 

Many similar analyses of steam costs have been made with 
equally uniform-results. This particular example was used 
because of the extremely wide variation in the steam produc- 
tion. Before leaving this analysis your attention is called 
again to the irregularities in the book costs of steam as shown 
in Fig. 6(¢). The same irregularities occur in the turbine 
room costs when: taken by themselves. Usually when the 
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turbine is shut down for repairs the boilers are ‘‘down’’ and 
also undergoing repairs with the result that these irregularities 
are cumulative and electric costs look something like those 
shown in Fig. 7 where the total cost of 33 consecutive months 
of operation is plotted against the production of the unit. 

Fig. 8 shows the analysis of costs on this unit. The differ- 
ence in unit cost between the points 2 and 5 is nearly 240 per 
cent. 

Figs. 7 and 8 have been shown to illustrate the difficulties 
in attempting to formulate economically sound interchange 
agreements based on the book costs as reflected in the cost 
sheets of the average industrial plant. 

With this background of the fundamental economics, let us 
see what can be done in an actual case. 
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Case 1 Steam Interchange. Two companies called company 
“C’’ and company ‘‘A’’ operate adjoining properties. Com- 
pany ‘‘C’’ has a Jarge modern boiler house and company ‘‘A”’ 
a 30-year-old boiler house. 

The economies possible are the elimination of the ‘‘constant 
cost’’ of operating boiler house ‘‘A’’ and the supply of the joint 
steam from boiler house ‘‘C.’’ The coal-fired boilers of com- 
pany “‘C’’ are ‘‘make up”’ boilers and are required to float on 
the line when large quantities of by-product heat are available. 

The analysis of the company ‘‘C’’ steam costs from coal are 
shown in Fig. 9 with () the book costs and (4) the corrected 
costs, 

In similar manner the steam costs of company ‘‘A"’ are shown 
in Fig. 10. There was, however, a correction that had to be 
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made in these costs. If you will notice the costs, exclusive of 
fuel for 1929 and 1930 are materially lower than similar costs 
for other years. This shows clearly the results of efforts on 
the part of the operators of company ‘‘A’’ to reduce their costs. 
The basis of intercharge between these two companies was 
therefore made using a constant boiler-house cost of $2800 
a month for company ‘‘A’’ instead of $3707 as was indicated 
by the five-year analysis. 

If the total cost of both boiler houses were to be plotted 
together, the graph would look like Fig. 11(4), in which the 
load and cost graph of company ‘‘A’’ is superimposed on 
the load and cost graph of company ‘'C.”’ 

Changes in either the cost of fuel or in the efficiency of opera- 
tion of either boiler plant will cause the increment cost lines 
to change their slope using their points of origin as centers. 
The interchange agreement is now faced with the problem 
of dividing a positive but always changing cost reduction 
equally between the participating parties. 

The manner in which this was accomplished is shown in 
Fig. 11(6) which is an enlargement of the upper portion of 
Fig. 11(4). The lines A and B of Fig. 11(¢) form the co- 
ordinate on which Fig. 11(4) is built. 

It was assumed that inasmuch as both companies purchased 
coal from the same mine the fuel cost Cm would be the same for 
both boiler houses. 

It was also assumed that inasmuch as the average efficiency 
of boiler house ‘‘A’’ over a four-year period had been main- 
tained at 73.9 per cent it was fair to assume that such a figure 
should continue to be maintained and should, therefore, be 
used in estimating the probable costs after the boilers were 
shut down. 

The assumption of a constant efficiency enables the cost 


equation of company ‘‘A’’ to be simplified to the form shown 
on the upper line of Fig. 11(). 

The increment cost of company ‘‘C’’ is shown on the lower 
line. If these two costs ate then added together and divided 
by two the result will be a selling price that no matter what 
change in fuel cost or what change in efficiency takes place, 
the cost reduction resulting from joint operation will be 
divided equally between the two participating companies. 
This equation is shown along the central dotted line in Fig. 
11(6). 

Case 2 Interchange of Electric Energy. Interchange of electric 
energy between utilities and industrials is possible mainly 
when the industrial has at his disposal large quantities of by- 
product fuel available in such form that it is not possible or 
economical to store it or to dispose of it in the form of fuel or 
in any other manner. 

Problems of this kind open up a vast field of special condi- 
tions which may radically change from one hour to the next. 
The difficulties in drawing up agreements which are sufficiently 
flexible to meet these ever-changing conditions are very great 
unless the men conducting the negotiations are well versed 
in the field of cost analysis and industrial economics. 

The most essential feature for the successful operation of 
such agreements is that both parties must benefit financially 
from al) parts of its operation. 

Industrials generally fail to recognize that there are several 
kinds of kilowatthours which it may receive from or deliver 
to a utility, and that each of these different kinds of energy 
has radically different values to the receiver and radically 
different costs to the producer. Until this fact is recognized 
and admitted by the industrial, interchange negotiations will 
simply become a case of “‘horse trading’’ whereby the utility 
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representatives will ‘‘hope’’ to effect an agreement out of which 
they can make some money regardless of the benefits accruing 
to the customer, and the industrial has hopes along exactly 
similar lines. 

Needless to say agreements built on such a foundation will 
be terminated as soon as the party who is losing money recog- 
nizes the fact and can bring the agreement to an end. 

Interchanged energy can be of four different kinds, namely: 


(1) Firm power sold under regular contracts and available 
at any time up to the limits of the equipment or contract. 

(2) Surplus power available by reason of surplus generating 
capacity idle and awaiting growth of the system on which it is 
installed. 

(3) Dump power available from surplus by-product heat in 
the industrial system, which it is not practicable or economical 
to store or hold in reserve. 

(4) Emergency power available from either system to the 


other on short notice in order to meet sudden, unforeseen 
difficulties. 


Different values should be assigned to each of these, and the 
number of these values is doubled depending on whether or 
not the exchange is made during ‘‘on-peak’’ or ‘‘off-peak’’ 
hours of the utility. 

Peak firm power should carry every item of cost that can be 
charged to it. This includes fixed charges, sales and executive 
costs, all operating costs, and losses. 

The utilities recognize the value of firm power sales secured 
in “‘off-peak’’ hours by placing a low energy charge of 4, 5, 
or 6 mills on all power sold at load factors above from 25 per 
cent to 40 per cent. Some utilities go further by removing 
power factor penalty clauses during off-peak hours or by allow- 
ing the customer to create demands much higher than their 


“‘on-peak’” demands, during off-peak hours without the in- 
creased bill that these high demands would normally require. 
Surplus power costs should omit many items that enter into 
the cost of firm power. Investments in equipment are already 
made and the complete organization is already set up and 
operating. Additional power under these conditions can be 
produced for very little over the increment fuel cost. 

Dump power from the industrial to the utility is of very low 
value. The utility must keep equipment operating and pre- 
pared to pick up the load carried by the dump power, the 
instant there is a failure in the industrial supply of by-product 
fuel. The maximum value that can legitimately be assigned 
to dump power is, therefore, the lowest “‘increment”’ or “‘out- 
of-pocket’’ cost of power to the utility, plus line losses to the 
point where the two systems are connected. The geographical 
location of the industrial with relation to the utility generating 
station is therefore of importance. The price of this kind of 
power should be based on consideration of these facts and should 
be protected by suitable coal-cost clauses. 

Emergency power values are subject to considerable negotia- 
tion as it is almost impossible to place values on this type of 
service. The costs of these various types of power can be seen 
readily by referring to Fig. 12. 

“On-peak"’ firm power costs are shown by the vertical height 
from the base to the line GH; ‘“‘off-peak’’ firm power by the 
vertical height between the lines AB and GH; and surplus 
power costs by the slope of the line GH and should vary from 
approximately 11/. mills per kwhr with very low cost fuel, to 
31/2 mills or even 4 mills in small stations using higher priced 
fuel. 

Dump Power. In the case of dump power made from surplus 
by-product fuel which must be either converted into electric 
energy in an already operating station or discharged into the 
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atmosphere, the cost of this conversion is very small. By 
referring to Fig. 12 it will be seen that there is no change in 
the fixed charges and that all the constant costs are already 
being absorbed. If no other use can be found immediately 
for the surplus fuel its value to the industrial is zero. The 
only part of the costs which do increase is a very small part of 
the repairs, due to the increased load, a little of the water- 
treating costs for additional steam and a little more water 
pumping forthe condenser. This increase in costs is represented 
by the slope of the line EF and in actual money would be ap- 
proximately 4/1 of one mill per kwhr. 

Analysis of an Interchange Agreement. On the cost basis set 
forth, an interchange agreement was worked out several years 
ago. This had for its fundamental concept an equal division 
of any economies that might result from the interchange be- 
tween the two parties to the agreement. 

Surplus and emergency power were worked out according 
to a schedule shown in Fig. 13. 

In this figure the vertical ordinate is ‘‘total cost in dollars’’ 
and the horizontal ordinate is “‘kwhr of energy.” 

The full lines show cost of power on the station bus bars to 
the industrial and the dotted lines show the cost of energy in 
various conditions according to the terms of the interchange 
rates. The entire figure is similar to the final steam diagram 
shown in Fig. 11(4). 

The lower line OA represents the utility increment cost of 
surplus power and includes increment station costs, line losses 
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to the interchange point, and some taxes that would result 
from the power sales. 

The next line ONB is the interchange rate based on 60-cycle, 
22,000-volt energy above which are two lines showing the un- 
avoidable conversion losses necessary to make the energy avail- 
able at 25 cycles, 6600 volts. 

The vertical line L to R at approximately 31/2 million kwhr 
per month is the estimated point of average operation. It 
will be noticed that at this point the utility increment costs 
would be equivalent to the vertical heights LM. The utility 
selling price would be LN and the utility profit would be MN. 
The unavoidable losses would be NP and the industrial saving 
would be PQ. The last assumes that the industrial has avail- 
able by-product fuel which it dissipates rather than make the 
immediate investment necessary to convert this fuel into electric 
energy. Z 

The general surplus power rate was fixed at 4 mills per kwhr 
as indicated by the light line originating at 0, the continuation 
of which forms the right end of the line OB. 

In order to handle emergency power sales and ‘‘on-peak’’ 
surplus power sales the original slope of this line from the 
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origin at O is made very steep. The slope and positions of the 
lines JN and KP were placed so as to make as nearly as possible 
an equal division of the resulting economies. 

This could not be accomplished through all loads. It is 
evident from a glance at the figure that the utility cost line 
OA will cross the industrial cost line EF and this crossing point 
is the limit to which cooperation can be carried without 
involving an economic loss. 

The EF cost line is used because the industrial already had 
available sufficient by-product fuel to produce the required 
energy. The fuel cost for the proposed unit was, therefore, 
considered to be zero. 

The equal division was further complicated by the unavoid- 
able conversion losses between the two systems which, as the 
figure shows, further reduced the point of profitable coopera- 
tion between the two companies. 

Where the steep slope originating at O intersected the line 
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JN the rate slope flattened out until a load was reached that 
made the average sale price of 4 mills. From this point on the 
surplus power rate remained at 4 mills. 

Surplus power agreements could be made and canceled by 
either party at any time it proved acceptable to the other party. 
If, however, any agreement was made for a long period, it was 
subject to cancelation on eighteen months’ notice. This 
period of time being agreed upon as sufficient to enable the 
purchasing party to either build his own power plant extension 
or make other provision to secure the power. The industrial 
power supply was always protected by reason of the fact that 
he could at any time make application to the utility for a 
a supply of power under the regular wholesale tariffs. The 
utility could not refuse the supply under these last conditions. 
Dump power from the industrial to the utility required only 
24 hours’ notice of the amount to be dumped in order to make 
it acceptable. 

Variations of 50 per cent above and below the estimated 
amounts were allowed. 

The purchaser was required to pay for at least 50 per cent of 
the contracted power for any given day and pay emergency 
rates for all over 150 per cent of the daily contracts both in 
demand and energy. 
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Engineers of both the utility and the industrial plants after 
careful study of the provisions of the agreement believed that 
it was sufficiently flexible to permit unrestricted interchange 
and yet be profitable to both parties to the agreement. 

There is one peculiar point in this agreement, however, to 
which attention should be called. 

Usually when two companies agree to do business together 
the greater the volume of business the greater the profits. A 
glance at Fig. 13 shows that the agreement is decidedly con- 
trary to this. 

It will be noticed that at about 51/ million kwhr per month 
the industrial profit becomes zero and at all loads between 
11/. million and 51/2 million kwhr the utility profit decreases. 

This scems to indicate that the right to interchange and to 
secure emergency service is a valuable asset even if no use of the 
service is made. It also tends to justify the much debated con- 
tention of the utility companies on their ‘‘ready-to-serve’’ 
charge. 

The Legal Aspect. There is one other very serious obstacle 
to interchange to which attention should be called, and that 
is the legal aspect. 

When the interchange agreement just described was com- 
pleted and in a form satisfactory to both engineers and at- 
torneys it was placed before the Public Service Commission for 
examination and suggestion. 

The Commission’s engineers and rate men were very much 
interested and pleased with the manner in which the project 
had been handled. The proposed rates were closely examined 
and the unanimous opinion was expressed that so far as they 
could see there was nothing in either rate or agreement that 
was discriminatory or detrimental to the public interest, but 
right there the matter stopped. When asked what steps 
should be taken to get the Commission’s formal approval be- 
fore large capital investments were made it was found that 
there were no steps. 

It was explained that the Commission could act only in case 
of a complaint. If such a complaint were made the Commis- 
sion would hold a hearing on the case and then, if nothing 
detrimental to the public interest was found and the complain- 
ant failed to show discrimination, the Commission would 
issue its approval. 

In the meantime a large investment, made in good faith by 
both parties to the agreement, would be seriously jeopardized. 

It is believed that serious thought should be given by legis- 
lative bodies to this phase of the subject if industrial develop- 
ment along economic lines is to be encouraged. 

Neither an industrial nor a utility would care to make 
investments ranging anywhere from $50,000 to $1,000,000 
for equipment which they would be liable to find useless on 
their hands because of unfavorable decisions that could in no 
manner be foreseen. 

In Conclusion. Agreements of the interchange type are of 
necessity subordinate to the main business objects of the 
participants and operate in what might be termed the edges or 
fringes of the field of industrial economics. Efforts to make 
economies in this field therefore require a broad knowledge of 
the elements which go to build up costs and an equally broad 
knowledge of economics. Any changes in operating methods 
must be carefully examined to avoid interference with the 
main business of the participants or with effective operations. 
It is hoped that some of the chief problems that will be en- 
countered in this field and methods for attacking their solution 
have been pointed out. 


AutTHor’s CLosurE 


It is very gratifying to review the thoughtful and thorough 


discussions presented by so many capable engineers. It is un- 
fortunate that the discussions indicate that we are still far 
from a meeting of minds which will result in a united coopera- 
tive effort along the line indicated in my paper. Evidently, 
individual experience leads to very different conclusions. Pro- 
fessor Christie agrees with my condemnation of the utilities’ 
sales campaign as forcefully as Mr. Dyckerhoff praises their 
cooperative attitude. 

Mr. Dreyfus, Mr. Dyckerhoff, Mr. Hirshfeld, Mr, Irwin, 
Mr. Muir, and Mr. Powell all emphasize the possible disad- 
vantages of cooperating with zndividual industrial plants. The 
reasons advanced are beyond dispute; a plant may suspend 
operations, change its load, its load factor, or its process. 
Many plants do all these things. Yet utilities find it profitable 
to sell electrical energy to them. The same diversity factor, 
statistical effect, and business stability can be obtained by 
numerous Cooperative or purchase agreements. The study of the 
individual case is no study of the whole problem. I urge re- 
gional surveys and experimental published purchase rates by 
utilities as the only proper approach. 

Mr. Dyckerhoff, Mr. Muir, and Mr. Orrok point out the 
commercial and technical difficulties existing by reason of the 
small capacity and great number of industrial plants. Each of 
the great majority of consumers has a one-kw demand and a 
minimum monthly bill of one dollar. With this in mind, it is 
difficult to believe that the economic and technical problems 
cannot be solved if we attempt to include in our systems indus- 
trial generating stations averaging 450 kw. The careful engi- 
neer will be content to say that the technique is not yet de- 
veloped. 

Mr. Hirshfeld presents impressive evidence against the super- 
ficial attractiveness of by-product electricity when he gives 
reasons why central-heating plants do not usually employ 
back-pressure turbines. I think the picture would be more com- 
plete and less conclusive if he had added these three: old 
franchises do not always permit electrical generation; the un- 
solved problem of allocating cost between exhaust steam and by- 
product electricity may bring the utility into an uncomfortable 
position before rate-supervising commissions; and only very 
recently has the art of feedwater treatment permitted the con- 
struction of extremely efficient high-pressure central-heating 
plants. 

In the first part of his discussion, Mr. Irwin proves that sur- 
plus industrial energy is of no value to the utility. In the 
latter part he complains because he gets none from Deepwater 
Station. He gets very little because the contract price is so 
low that the industrial company has every reason to invent new 
uses for this energy and has no incentive for selling. Mr. Ir- 
win's statistics are correct but do not represent the actual steam 
and electric loads of the industrial plant. The industrial com- 
pany operates its own boilers and turbines from time to time to 
secure the lowest possible power cost. The terms of the Deep- 
water contract and fluctuations in oil and coal prices occasion- 
ally make such operation profitable. It is conceded that steam 
and electric loads are not synchronized. But I think Mr. Irwin 
will admit that the stability of the industrial load throughout 
the depression was better than that of his system load. It 
leads one to believe that supplying steam and electricity to an 
industrial plant does not make the utility business more hazard- 
ous. 

It is gratifying to hear from Messrs. Cather, Irwin, and 
Powell that new cooperative arrangements of some magnitude 
may be expected with an improvement in business. Such prog- 
ress should encourage us all to real cooperative effort in reduc- 
ing both utility and industrial-power cost. Mr. Hobbs shows 
us the true cooperative method of attack. 
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A New Method of Investigating Performance 


of Bearing Metals 


By JOHN R. CONNELLY,! BETHLEHEM, PA. 


Any method to be used to investigate the performance 
of bearing metals should reproduce wear under service 
conditions and in addition it should show variation in 
wear with unit pressure. Various methods have been 
proposed in the past, one of which involves an accelerated 
test using an abrasive between two surfaces rubbing 
across each other, and another utilizes two tangent cyl- 
inders rotating relatively to each other and making con- 
tact along their common element. The first method does 
not reproduce wear under service conditions, while the 
second results in a constant contact area so that in order 
to test a metal completely many runs must be made at 
various unit pressures. The new method described in 
this paper reproduces wear under service conditions and 
gives variation in rate of wear with unit pressure. 


bearing metal with one side machined to a plane surface 

and a steel cylinder rotating in a bath of lubricant (see 
Fig. 1). A constant force holds the specimen of bearing metal 
with its plane side tangent to the cylinder. 

As the cylinder rotates, a depression is worn in the specimen 
of bearing metal (see Fig. 2). With a constant force holding the 
surfaces together, this increase in contact area gives a decrease 
in unit pressure and the test continues until there is no measur- 
able increase in the depth of the depression. 

The characteristics of the new test are: 


Tee essential elements of the new test are a specimen of 


(a) The conditions existing in an actual bearing are re- 
produced as to lubrication, metals used, physical 
proportions, and wear. Wear in the presence of a 
lubricant results from high unit pressures 

(b) The validity of the test data is independent of any 
assumption that data on abrasion are directly convert- 
ible to data on wear 

(c) The feature of varying area of contact gives rate of 
wear for a wide range of unit pressures. An investiga- 
tor using a test involving a constant area of specimen 
must necessarily make a great number of runs, each at 
a different unit pressure 

(d) The data obtained are directly usable for design pur- 
poses. 


1 Instructor, Dept. of Mechanical Engineering, Lehigh University. 
Jun. A.S.M.E. Mr. Connelly was graduated in 1927 with the degree 
of B.S. in mechanical engineering from the University of Ilinois 
and received the degree of M.S. from the same institution in 1929. 
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1934. 
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ANALYSIS OF A MACHINE BEARING 


No matter how careful and painstaking the manufacture and 
assembly of a sliding-contact bearing may be, it is practically im- 
possible to have the mating surfaces absolutely aligned so that 
the load shall be evenly distributed over the surface intended to 
carry it. As a result, the actual surface in contact is reduced so 
that high unit pressures exist at points on the surface. 

The first stage in the life of a sliding-contact bearing is a 
period during which the surface in contact wears away until a 
“ft” is obtained. That is, as the bearing metal wears, the area 
of surface in contact gradually increases. This permits the load 
to spread itself over a greater area with a reduction in unit 
pressure. Wear continues until the maximum unit pressure 
existing in the bearing is insufficient to rupture the oil film. 
Such a condition completes the first stage. The extent of the 
bearing area in actual contact and the corresponding unit pres- 
sure when wear ceases vary with the temperature and properties 
of the lubricant. 

The second stage in the life of a sliding-contact bearing con- 
sists of relative motion between surfaces separated by a lubri- 
cant. If this condition persists indefinitely, the only necessary 
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quality of a bearing metal would be an ability to attract and 
retain lubricant on its surface. However, all bearings stop 
occasionally with consequent disturbance of lubrication equilib- 
rium and restarting results in wear. 


PRESENT DeEsIGN OF BEARINGS 


In this paper the term bearing metal shall apply to the part 
on which the major portion of wear is to take place. 

At present the design of bearings considers (a) mechanical 
strength of both journal and bearing, (b) heat dissipation, and 
(c) wear. 

An ideal bearing metal should (a) have sufficient mechanical 
strength to support the load without plastic deformation, (0) 
retain a lubricant on its surface, and (c) have a maximum re- 
sistance to wear without causing undue wear on the mating 
metal. 

At present, the consideration of wear is met by using a com- 
bination of unit working pressure and lubricant that past ex- 
perience has shown will not give excessive wear during continu- 
ous operation. Very little information is available on rate of 
wear during running-in or restarting. 


Application or New Mrrsop 


The new method will furnish data that will make possible a 
far more accurate consideration of wear. This will be accom- 
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plished by giving values of ultimate bearing pressure for a 
lubricated bearing, and relative rate of wear during running-in 
and restarting. 

The depth of the worn volume and the revolutions of the 
cylinder are measured periodically. There may be computed 
from these readings the total travel of a point on the surface 
of the cylinder and the volume worn away and corresponding 
unit pressure. The equations to accomplish this are derived in 
the Appendix. 
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Fig. 4 ExprrimpentaL Testing MacuInr 


The curves of volume worn away and unit pressure against 
linear feet of travel are shown in Fig. 3. Wear ceases at A and 
any further running is to insure accuracy. To aid in com- 
paring the relative performance of various metals, the test in- 
formation may be simplified to onecurve. This curve is obtained 
by plotting rate of wear against unit bearing pressure. To 
obtain the values of rate of wear we must measure worn volume 
per unit of travel for a variety of unit pressures. This work will 
be materially shortened if a mathematical expression can be 
found that will represent the data. The worn volume per unit 
of travel may then be obtained by taking the first derivative of 


the expression of worn volume with respect to travel or d volume/d 
travel. 

The curve showing rate of wear for a given metal will furnish 
information as to the behavior of that metal during running-in 
and restarting. The unit pressure at which wear ceases will be 
the ultimate pressure for the conditions of the test. The test 
information so obtained is of course applicable only to the same 
metals, lubricant, temperatures, ratio of length to diameter, and 
rubbing speed. With this more definite knowledge at his com- 
mand, the designer can select the most desirable combination of 
metals, ubricant, and physical proportions. 


DESCRIPTION OF EXPERIMENTAL TrEstina MacHINE 


The mechanism, shown diagrammatically in Fig. 4, consists 
essentially of a rigid lever supported at the fulerum and carrying 
the test block which in turn bears on the cylinder. This ar- 
rangement permits motion of the block of bearing metal only in 
a circle about the fulcrum as a center. The angle moved through 
is so small that for all practical purposes the block of bearing 
metal may be said to have straight-line motion. 

In designing and constructing the lever care was exercised to 
meet the several limitations imposed. The fulcrum of the lever 
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was placed in a horizontal plane tangent to the top of the test 
cylinder so that the moment of the friction force would not be a 
disturbing element. A fulcrum consisting of hardened steel 
points working in conical recesses was employed so that the lever 
would not move in any way except about its own fulerum. A 
counterbalance was provided to prevent any pressure between 
the test pieces due to the weight of any of the parts. A cali- 
brated weight was hung from steel points on the lever to supply 
the definite known pressure between the cylinder and the block 
of bearing metal. The block of bearing metal was clamped 
securely to a holder plate which is in turn bolted to the lever 
with provision for adjustment in any direction between the holder 
plate and the lever. Fig. 5 shows a photograph of the machine 
as set up. 

The lever serves the further purpose of magnifying the depth 
of worn volume, thereby improving the accuracy of reading. 
Various methods have been used to measure the movement 
of the lever as wear progressed. A 0.0001-in. Ames dial 
gage was found valuable for studying the early stages when 
the lever movement is relatively fast. For a complete test, 
however, a 0.0001-in. micrometer screw in conjunction with 
a telephone head set or a grid-glow tube is a desirable com- 
bination. 

The cylinder as used in this experimental machine consists of a 
length of !/2-in. steel rod rigidly supported by two brass sleeve 
bearings mounted on the same heavy cast-iron base used for the 


IRON AND STEEL 


lever fulcrum support. One end of the steel rod was connected 
through a flexible coupling to a 1/.-hp, 1750-rpm, ball-bearing 
motor. The other end of the steel rod, which constitutes the 
test cylinder or test journal proper, was prepared by grinding 
to as near a true right circular cylinder as is easily possible. The 
maximum variation in diameter at any cross-section was of the 
order of 0.0001 in. 

To lubricate the test pieces a small metal box kept full of oil 
at a constant level was so placed that the test journal, which 
enters it through a felt packing, and the bearing block are 
completely flooded with oil. A gear pump was provided to re- 
circulate the oil continually. 

The temperature of the lubricant supplied to the bearing is 
measured by means of a copper-constantan thermocouple in- 
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stalled in a glass tube filled with oil. The tube rests in the box 
of lubricant; the glass tube electrically insulates the thermo- 
couple from its metal surroundings. 

The temperature of the block of bearing metal is measured by 
means of copper and a constantan wire, each peened into opposite 
faces of the block near the test surface. In order to reduce to a 
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minimum the dissipation of heat from the block, asbestos paper 
was placed between the block and its support. 

The rpm of the cylinder is obtained by measuring the slip of 
the motor, using a mark on the shaft and a neon lamp. 


ILLUSTRATIVE TEST 


The following example will illustrate the use of the results 
obtained by this new method of testing. 

A specimen of bearing metal is clamped in the holder described 
and adjusted tangent to the test journal with the aid of Prussian 
blue. It is not absolutely necessary that the bearing metal be 
exactly tangent to the cylinder provided it is approximately so. 
The projected area is measured at the completion of a run and 
if the bearing metal were not quite tangent at the beginning the 
projected area of the worn volume would be a trapezoid rather 
than a rectangle. 

The time is recorded as the machine is started. At present 
no attempt is made to read the lever deflection at starting. 
When the load weight is first applied, conditions will be very un- 
stable, probably due to a slight amount of plastic deformation. 
About 30 seconds after starting it is possible to obtain readings 
of lever deflections and these are recorded throughout the test. 
To furnish an idea of the length of a run it may be stated that the 
total time varies from two weeks to a month of continuous opera- 
tion. During this period a point on the surface of the cylinder 
travels a distance of the order of 3,000,000 ft. After the test 
is complete the lever deflection readings are corrected to agree 
with the projected area of worn volume obtained by measure- 
ment. Other readings taken are rpm of cylinder, temperature 
of bearing metal, temperature of lubricant, temperature of the 
room, and power consumed by the driving motor. 

The tabular values of data and results appear in the Appendix. 
Curves of total feet of travel as abscissas and unit pressure and 
total volume worn away as ordinates are shown in Fig. 6(a). 
The general shape of the curves shows quite definitely that a 
discontinuity occurs at about 800,000 ft of travel. Beyond this 
point wear takes place at a greatly reduced rate. After about 
2,000,000 ft of travel, wear seems to cease altogether even though 
the run was continued to about 2,700,000 ft of travel. The 
ready location of these different phases of wear is an advantage 
of this type of test. 

The curve of worn volume from 800,000 ft of travel on to 
1,800,000 ft of travel seems to be a straight line. The part of the 
volume curve from 0 to 800,000 ft of travel is drawn to an en- 
larged scale on Fig. 6(b). After some experimentation with a 
log curve, a parabola, and an ellipse, the ellipse was selected as 
the curve most closely representing the data. The ellipse selected 
was of the form 


y? = B/A2(2Ax — 2?) 


where y = volume worn away in cu in. 
x = travel in feet 
B = the semi minor axis = 0.00001840 in. 
A = the semi major axis = 2,280,000 ft travel 


Substituting 
0.0000184? 


= 5 280,000? (2 X 2,280,000 X travel — travel*) 


volume? 


As outlined earlier in this paper the slope of this volume curve 
at any point represents rate of wear. The first derivative of the 
ellipse is 


or 
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d(volume) es 0.00001840? (2250 000 aed 
d(travel) _—-:2,280,0002 


This derived curve, evaluated for ten increments of travel 
from 100,000 ft of travel on, gives Fig. 7. 

This curve of d(volume)/d(travel) plotted against the cor- 
responding unit pressures graphically portrays the relation be- 
tween rate of wear and bearing pressure for this particular metal 
under the conditions of the test. 

The point at which wear ceases is simply determined by the 
pressure curve Fig. 6(a) dropping to a value where an oil film 
may be maintained. This value may be appropriately called 


volume 
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the ultimate bearing pressure and used for design with a factor 
of safety. 

The pressure at which an oil film may be maintained seems to 
be affected by a number of variables among which are: the 
lubricant, the temperature of the lubricant, and the ratio L/d. 
The bearing metal is subject to at least two known variations: 
that of composition and that of crystal size which is dependent 
upon conditions of casting and cooling. 

Fig. 8 shows two photomicrographs of the bearing-metal sur- 
face; (a) before the test and (b) after. The metal surface after 
the test was completed shows definitely that the crystal structure 
is that of a bearing in service. It is anticipated that the wear 
qualities of a metal will be influenced by the size and distribution 
of the supporting crystal. 


GENERAL UsE or TEst 


There are several problems connected with the use of bearing 
metals concerning which much needed information may be ob- 
tained by the test described: 


(a) The allowable working pressure can be determined by 
the ultimate bearing pressure in conjunction with a 
factor of safety 

(6) The amount of wear during starting of an actual bear- 
ing will be indicated by the relative position of the rate- 
of-wear curve 

(c) Interrelation of the variables, for example the opti- 
mum L/d ratio, may vary with both the lubricant and 
the bearing metal. 


Before Testing (b) 


The intended type of service for a given bearing will determine 
the relative emphasis to be placed on items a and b during design. 

In order to obtain the data on which to base these selections, 
each one of the variables must be investigated separately. 

The field of investigation into the performance of bearing 
metals, to which this method may be applied particularly, is 
broadly divided into three phases: 


1. Using a certain bearing metal as a standard of com- 
parison, the wear-reducing properties of various lubri- 
cants may be determined, together with the effect of 
variation in viscosity of a given lubricant 

2. Using a certain lubricant as a standard of comparison, 
the effect of composition, crystal size, and physical 
proportions may be investigated 

3. Using the representative lubricants and the representa- 
tive metals, the interrelation of the variables may be 
determined. 


After Testing 


Fic. 8 PHoTOMICROGRAPHS OF BEARING-METAL SURFACE 


Appendix 


The mathematical relationships (a) between the variable of 
projected area and readings taken during a test, and (b) between 
volume worn away and readings taken during a test are derived 
as follows. The use of these expressions considerably reduces 
the labor of working up results from data obtained. 

Let Pz = 
n 


any position of the face of the block 
CD (Fig. 9), the diametral travel of Pz from its 
original tangent position 


Fic. 9 
w = AB (Fig. 9) the width of worn volume 
LZ = the dimension of worn volume along the axis of the 
cylinder 
d = the diameter of the cylinder 
v = the volume worn away. 


IRON AND STEEL 


(a) Find w in terms of n and d. 
== BAD = 2d — Win «yee nba» (1] 


Rearranging 
where 


and the projected area 
Tid b= OA YD eee a Rios ye ae [4] 
(b) Find » in terms of n and d. 
v = Lea (the area of the segment ABCD)........ {5] 


Substituting 


a aN? 1/2 fe 
y= Lt }/,a20 sn 2 Fs q —_ ys te 
and letting 
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The work of calculating the results of any test is very simple, 
requiring only a graph of K; and Kz plotted against the ratio of 
n/d for values of n/d from 0 to 0.5. Such a set of curves is 
shown in Fig. 10. The curve for K; is the arc of a circle thus 
giving a check on the accuracy of those computations. 
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Fic. 10 AREA AND VOLUME COEFFICIENTS 


Starting with the test data consisting of values of nm for various 
times during the test, the values of K, and K, may be read off 
the chart and substituted in the appropriate equations. The 
resulting values of area and worn volume may then be used as 
indicated in the paper. 


oat /2 
Ky = 1/, are sin 2 E acs (:) as ( ot | TABLE 2 DATA FOR RATE OF WEAR CURVE, FIG. 7 
d d d Travel, Volume, Unit pres., Slope, 
ft cuin, X 105 lb/in.? in.8/ft * 1012 
a WwXtle 100,000 0.539 830 26.4 
age Poe hy 2 [7] 200,000 0.753 735 18.0 
d ADiete. eC 300,000 0.913 690 14.1 
400,000 1.040 660 11.8 
the worn volume 500,000 1.145 638 10.1 
Pon oor 1 aoe es 08.8 
700, 1 5 12 07.8 
Dit doe Neer 2 eRe tok [8] 800,000 1.395 602 06.9 
TABLE 1 DATA AND RESULT SHEET 
Test of B metal 
Average rpm = 1759; L = 0.375 in.; d = 0.492 in.; Bearing load 10.78 Ib 
B M 
A Deflection Cc D E F G H J Travel, y 12 
Time x 10? n X 104 (n/d) X 104 Ki X 100 wX 100 wh X 100 2, lb/in.? P, 1000 (lb/ft?) 1000 ft K2 X 105 », in. & 108 
0.017 0.25 0.73 1.49 1.220 1.20 0.45 2390 344.0 0.23 0.28 0.25 
0.033 0.40 1.18 2.40 1.575 1.55 0.58 1855 267.0 0.46 0.53 0.48 
0.100 0.70 2.08 4.24 2.075 2.04 0.76 1410 203.0 1.38 1.16 1.05 
0.167 0.90 2.65 5.39 2.325 2.29 0.86 1250 180.0 2.30 1.64 1.49 
0.283 1.05 3.09 6.29 2.485 2.46 0.92 1170 168.0 3.91 2.00 1.81 
0.533 1.10 3.24 6.60 2.515 2.48 0.93 1160 167.0 7.35 2.10 1.90 
3.500 1.40 4.12 8.36 2.865 2.82 1.06 1015 146.0 48.3 3.00 2.71 
7.633 2.25 6.62 13.40 3.655 3.51 1.32 816 118.0 105.5 6.20 5.61 
11.416 2.45 7.22 14.70 3.825 3.76 1.41 764 110.0 158.0 7.36 6.67 
24.066 3.20 9.42 19.20 4.360 4.29 1.61 669 96.2 331.0 11.20 10.20 
29.10 3.25 9.51 19.50 4.410 4.34 1.63 660 95.0 403.0 11.50 10.40 
51.13 3.85 11.30 23.00 4.790 4.71 a ey fv 610 86.6 705.0 14.64 13.20 
55.40 3.95 11.60 23.60 4.850 4.77 1.79 602 86.6 764.0 15.10 13.70 
71.08 4.00 11.70 23.80 4.890 4.81 1.80 597 86.0 980.0 15.50 14.00 
96.11 4.00 11.70 23.80 4.890 4.81 1.80 597 86.0 1330.0 15.50 14.00 
105.5 4.15 12.20 24.80 4.980 4.89 1.83 588 84.6 1458.0 16.40 14.80 
120.3 4.20 12.30 25.00 5.010 4.94 1.85 582 83.7 1695.0 16.50 14.90 
143.5 4.25 12.50 25.40 5.050 4.98 1.87 575 82.6 1980.0 16.90 15.30 
168.2 4.25 12.50 25.40 5.050 4.98 1.87 575 82.6 2320.0 16.90 15.30 
192.3 4.25 12.50 25.40 5.050 4.98 1.87 575 82.6 2655.0 16.90 15.30 
EXPLANATION OF ITEMS IN TABLE 1 
Col Erol ii Col. Explanation 
ie Go saa 0.492 X 1759 X 60 (br elapsed) 
- ee elapsed 3 ey M a a 
eflection measured at end of lever oa rae aoc 
Ps : Since the rpm of the motor was constant within the limits of ex- 
: va BR Abe 3.41 being the constant for lever used perimental error the total travel of a point on the surface of the 
E Read from chart of Ki vs. (n/d), Fig. 10 test cylinder is directly proportional to the time elapsed so that 
Wo Pies LAK : ‘ : “M”’ follows directly from Col. A 
G wh : N_ Read from chart of Ka vs. (n/d) 
H 10.78 Ib/Col. G eS 
J Col. H X 144 
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Classification of Drying, Including Graphical 
Analysis of Air Drying as Developed Abroad 


By A. WEISSELBERG,! JERSEY CITY, N. J., CHAS. W. THOMAS,? NEW YORK, N. Y., AND 
T. R. OLIVE,? NEW YORK, N. Y. 


In order that the art of drying, or in other words the 
process of removing liquid from a mixture, may become a 
field of true engineering endeavor, it must be freed from 
the existing confusion with regard to classification and 
terms, and the analytical approach to the problem must 
be facilitated. 

In this paper the authors classify the liquids as to kind, 
nature, and state, enumerate the means available for 
their removal, and discuss briefly the limitations of the 
various drying methods with regard to the material being 
processed and the results obtained. 

A graphical method of analyzing air drying, the most 
widely used drying process, is described by the authors, and 
by means of this analysis, terms which are now confusing 
are defined and factors governing the performance of dry- 
ing equipment are explained. 


RYING is usually defined as the partial or complete 
removal of evaporable liquids from a mixture of the 
liquid with solids, other liquids, or gases. To be more 
specific, the definition should include the words “by thermal 
means,” i.e., by supplying or removing heat. Thus we differen- 
tiate it from the other category of moisture removal, wherein 
this end is accomplished by mechanical means and is commonly 


1 Consulting Mechanical Engineer. Jun. A.S.M.E. Mr. Weissel- 
berg received his engineering diploma from the Technical University 
of Vienna, Austria. He came to the United States in 1923 and, after 
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articles published in recent years on the subject of air-conditioning 
and drying and has modified and introduced in this country the 
Mollier water-air mixture chart reproduced in this paper. 

2 Consulting Engineer. Mem. A.S.M.E. Mr. Thomas was gradu- 
ated from the Stevens Institute of Technology with the degree of 
mechanical engineer in 1884 and after graduation became assistant 
superintendent of the Dixon Pencil Works, Jersey City, N. J. He 
has had a wide experience in the development, design, and construc- 
tion of machinery for inventors and has lectured in machine design 
at the Newark Evening Technical School and at Columbia Uni- 
versity. Mr. Thomas retired recently from the staff of the university 
) as professor of machine design and has entered into consulting practise, 
specializing in the dehydration of food products. He is chairman 
of the Drying Committee of the Process Division, A.S.M.E. 

3 Associate Editor, Chemical and Metallurgical Engineering. Jun. 
A.S.M.E. Mr. Olive was graduated in 1923 with the degree of A.B. 
from Harvard University, where he specialized in the field of en- 
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cal engineering. After graduation he spent a number of years in 
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Engineering, of which he is now associate editor. He is the author 
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designated as dehydration. Desiccation has been suggested as 
an appropriate technical term that would embrace both methods 
of moisture removal. 


Kinp, Nature, AND STATE or Liquip 


As to liquids, we distinguish between two groups: (a) pure 
liquids, and (6) solutions. Pure liquids are classified as (a1) 
water and (a2) liquids other than water, commonly known as 
solvents. Liquids which undergo a change in state by chemical 
action do not belong here, even though the term ‘‘drying’’ is 
applied to the process which accomplishes this change in state. 
Oils which harden by oxidation exemplify such liquids, and the 
use of the term ‘‘drying”’ in this case is altogether out of place. 

Solutions are either (61) erystalloidal or (62) colloidal. The 
former are readily diffusible and are also characterized by the 
fact that, at the same temperature, their vapor pressures are 
lower than those of the pure liquids of which they are composed. 
Colloidal solutions, on the other hand, diffuse with difficulty, 
but their vapor pressures are hardly affected by the presence of 
the colloids. The difference in these properties will, obviously, 
influence the removal of moisture, as will later be seen. 

It is assumed that when we dry or dehydrate, the state of the 
material from which the liquid is removed does not change, or, 
in other words, we deal with the removal of free moisture as 
distinguished from the moisture of crystallization and that of 
decrepitation. The last is really free moisture mechanically 
entrapped within certain crystals. Its removal precludes the 
retention of the crystal form and the crackling noise by which 
the removal is accompanied warns of the approaching danger 
of complete disintegration into powder form into which the 
crystals fall when the moisture of crystallization is driven out. 
The removal of the moisture of crystallization is called calcina- 
tion and is beyond the scope of this paper. 

The free moisture with which we are concerned may be found 
present in one of the following four states: surface moisture, 
capillary moisture, cellular moisture, and as vapor. 


Means or Removine Moisture 


Evidently, removal of moisture by mechanical means is con- 
fined to extraction of moisture without changing the state of the 
moisture, since any change of state implies that heat must be 
supplied or removed. This limits dehydration to surface and 
capillary moisture, while moisture in any of the four states 
mentioned may be removed by drying. Thus arises the question 
as to when one method should be used in preference to the other 
as far as the removal of surface or capillary moisture is concerned. 
Aside from the fact that the removal of large percentages of 
moisture is always accomplished with greater efficiency by 
dehydration, the choice of the method may also be governed by 
the desired result. Thus, if the liquid carries salts in solution, 
the presence of which is undesirable in the final product, de- 
hydration to the lowest possible moisture content must be re- 
sorted to. On the other hand, just the opposite result may be 
desired, since, for instance, the salts in solution may have a 
nutritive value, in which case preference will be given to drying. 
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Thus, either method may be used alone, or both in combination, 
depending upon the end to be accomplished. A knowledge of 
both methods is required, therefore, when the problem of mois- 
ture removal is to be dealt with. 

Dehydration is accomplished by subjecting the mixture to 
pressure and providing a resistance for the retention of one of 
the ingredients. In this operation we differentiate between 
(a) pressure applied directly, compressing the mixture to a smaller 
volume, as in pressing or squeezing, and (b) pressure applied 
indirectly, without compressing the mixture to a smaller volume, 


MOISTURE 
Mois tule of Free Moisture’ of 
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t a\n > aI d * 
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Fig. 1 Removat or Moisturr From Arr or Gas 


as in filtering, vacuum extracting, centrifuging, pressure extract- 
ing, and baffling, the latter applying to gases. 

As already stated, drying deals with the removal of moisture 
by thermal means. Heat is supplied or removed in order to 
change the liquid from one state to another, thus accomplishing 


separation. If the moisture is in vapor state, as is the case in 
drying a gas, the vapor must be reduced to the liquid state by 
removing the latent heat of vaporization. The reverse is true 
if the original state of the moisture was liquid. 

With respect to the manner in which the heat is applied, we 
distinguish between (a) heat supplied or removed directly by a 
medium other than the one carrying the moisture away (contact 
drying), and (b) heat supplied or removed indirectly by the same 
medium which carries the moisture away (air drying). 

With method (a) of applying heat, if the moisture must be 
removed at low temperature, or quickly, or without exposure to 
the oxidizing action of the atmosphere, vacuum drying will be 
resorted to as distinguished from atmospheric drying in which 
the vapors are discharged into the surrounding atmosphere. In 
this category there also belongs the drying of a gas by con- 
densing the vapors by passing the gas over cooled surfaces. 

With method (b) of applying heat the use of air as a drying 
medium is the most common practise. If the product to be 
dried is subject to oxidation, an inert gas or products of com- 
bustion will be used instead of air. The ability of superheated 
steam to evaporate moisture also falls into this group. On the 
face of it, its use in connection with drying at high temperatures 
(above 212 F) looks rather advantageous from the point of view 
of thermal efficiency. Actually, the efficiency would not be 
higher than with air drying at sufficiently high temperatures and 
saturation, inasmuch as, with the approach of the boiling tem- 
perature, the heat consumed in heating the air becomes negligible. 
On the other hand, the power consumption would be materially 
greater with superheated-steam drying, since a greater volume 
would have to be moved per pound of moisture removed than 
with air drying. This, together with other difficulties which 
this practise involves, makes the use of superheated steam for 
drying of little practical value, except when other conditions call 
for it. 

The removal of vapor moisture from air or gas by indirect 
removal of heat may be accomplished by absorption through 
chemical reagents or by adsorption through adsorbent materials, 
by transpiration through hygroscopic fibrous material, or by pre- 
cipitation through spray condensation. Fig. 1 shows this at- 


TABLE 1 FACTORS WHICH INFLUENCE DRYING CONDITIONS AND THEIR LIMITATIONS 


Factors _— 
Physical 


Limitations 


Final moisture 
content. 


Temperature. 


Drying time. 


Drying medium. 


Handling. 


Optimum for maximum strength. 

Not too low if soaking ability be 
not destroyed. 

Low if grindability is a factor. 


Low if strength is affected. 

Low if there is danger of melting. 

Low if change in shape is ob- 
jectionable. 


Short if soaking ability be high. 

Long if there is danger of dis- 
tortion, case - hardening, 
cracking. 


Cleaned if impurities in drying 
medium damage the surface of 
the dried product. 


Careful to prevent objectionable 
physical damage. 

Without tension to prevent 
objectionable lowering of 
strength by not allowing for 
shrinkage. 


Chemical 
Not too low to avoid discolora- 
tion. 
Low if by reabsorption of mois- 
ture product will melt. 


Low if danger of disintegration. 

Low if danger of decomposing 
acids. 

Low if danger of chemical dis- 
coloration. 

Low if coagulation of albumen 
is to be avoided to retain 
solubility. 

Low if sublimation of valuable 
volatiles be prevented. 


Short if the damaging effect of 
high temperatures as listed 
above is to be offset. 


Non-oxidizing if there is danger 
of oxidation. 


Preventing contact with ma- 
terials that would cause ob- 
jectionable chemical contami- 
nation. 


Biological 
Below hygroscopic, point if 
growth of bacteria be pre- 
vented. 


Low if vitamin A and C should 
be retained. 

High if germs or bacteria be 
destroyed. 


Short if damaging effect of high 
temperature on vitamins be 
offset. 

Short to prevent growth of 
bacteria if present. 

Short to conserve aromatic oils 
if present. 


Non-oxidizing to prevent pro- 
motion of destruction of vita- 
mins A and C. 

Cleansed and filtered if danger 
of contamination from bac- 
teria in air. 


Market Requirements 


Low to lower freight cost. 

Not lower than regain at average 
air condition. 

1/4 .of hygroscopic point if 
powdered or granular, as 
these tend to pack in storage. 

Very low if bitter aromatics 
must be driven out. 


High to improve taste by pro- 
duction of desirable aromas. 


Long if desired uniformity is 
not otherwise obtainable. 


PROCESS INDUSTRIES 


tempted classification in chart form. Obviously it cannot claim 
perfection and criticism is invited. 

It appears desirable to carry the classification further to the 
factors which influence the drying conditions with respect to 
certain limiting requirements. These factors are: (1) final 
moisture content, (2) temperature, (3) drying time, (4) drying 
‘medium, and (5) the way the product is being handled in the 
course of moisture removal. The limitations which may have 
to be considered in connection with these factors may. be grouped 
as follows: (a) physical limitations, (6) chemical limitations, 
(c) biological limitations, and (d) marketing-requirements limita- 
‘tions. This classification will cover almost any condition that 
may have to be considered as shown in Table 1, for which com- 
pleteness cannot be claimed. 


DEFINITIONS oF TERMS 


It is of greater importance, however, to discuss the definitions 
of the principal terms used in connection with drying, about 
‘some of which there seems to exist considerable confusion. 

These are as follows: 
' Moisture Content. The desirability of expressing the moisture 
content in per cent by weight of the dry material is often still 
not fully realized. Moisture contents are still very often given 
on a wet basis and sometimes the basis is not given at all. Ex- 
pressed on a dry basis a change in percentage tells directly the 
change in moisture by weight per pound of dry material. It may 
be well, however, to use a shorter expression such as “dry-basis 
moisture” instead of “‘moisture content on a dry basis.” 

Capacity. If M designates the quantity of dry material 
expressed in any unit of measure (lb, yd, etc.) that the drying 
equipment holds at one time, and 7 the time the material must 
remain in the drier to dry to the required moisture content, 
then M/r is the “production capacity” per unit length of time. 
M is the holding capacity, and 7 the drying time. For any one 
drier, the holding capacity is the same, but the drying time will 
vary in accordance with a number of factors. 

Drying Time. If w represents the drying rate in pound of 
moisture removed per square foot of total drying area of material 
A per hour and ¥, Y2, the initial and final ‘‘dry-basis moisture”’ of 

‘the material, respectively, then the drying time 7 equals 
M (Yi — ¥2). 
wA : 
erate. As long as the wet product still has surface moisture, one 
smay expect that the rate of removal of moisture will not differ 
‘from that of the evaporation of a film of liquid. The drying 
rate accordingly will be equal to the rate of evaporation. After 
‘the surface moisture is gone, however, the capillary moisture 
will begin to diffuse to the surface and two different cases become 
possible. 
’ In the first, the possible diffusion rate per unit area is at first 
wreater than the rate of evaporation for the same area. Then 
we can assume that the moisture will overflow the end of the 
2apillaries at the surface and keep the surface partially or totally 
‘wet, depending upon the nature of the surface and the nature 
of the liquid. The drying rate will remain the same, or drop, 
according to the extent of wet-surface reduction. This will 
eontinue until the diffusion rate per unit area of total surface 
‘becomes equal to the drying rate or, in other words, until the 
, liffusion rate per unit area of wet surface equals the evaporation 
vate. Sherwood calls the period during which the rate of diffu- 


i.e., it is inversely proportional to the drying 


"  4“Pundamentals of Drying Methods,” by C. W. Thomas and A. 
‘Weisselberg, presented at the 1933 Annual Meeting of the A.S.M.E. 
“This paper covered definitions of terms employed in classifying drying 
~nethods and equipment. 

5“The Drying of Solids,” by T. K. Sherwood, Ind. Eng. Chem., 
vol. 21, 1929, p. 12 and p. 976, also vol. 22, 1930, p. 132. 
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sion exceeds the rate of evaporation the zone of unsaturated sur- 
face drying, assuming that during this period the amount of wet 
surface gradually becomes less, which does not necessarily hold 
true for all cases. When the rate of diffusion falls below the 
rate of evaporation for the same unit area, the diffusion rate 
alone controls the rate of drying. 

As a second case the diffusion rate per unit evaporation area 
is lower than the evaporation rate. The surface will then dry 
out unless the drying conditions are changed in such a manner 
as to make the evaporation rate equal to the diffusion rate. In 
other words, the drying rate must be equal to or lower than the 
diffusion rate. 

Suppose that the drying conditions are so maintained that the 
evaporation rate per unit of wet area is greater than the diffusion 
rate for the same area. Then the surface will dry and the plane 
of evaporation will retreat somewhat from the surface. With 
the same drying conditions the rate of evaporation in this plane 
will be lower because of the much increased resistance to heat 
transfer through the dry layer. On the other hand, the rate 
of diffusion for this plane is greater than for the surface. Hence, 
the plane of evaporation would not have to retreat very far 
before subsequent stages of equilibrium are reached. The 
result, however, will be the undesirable condition of a dried 
surface enveloping the wet interior and a considerable drop in 
drying rate. In general, then, depending upon the initial and 
final moisture content, the average drying rate and, in turn, 
the drying time will be a function of either the evaporation 
rate or the diffusion rate, or both. 

Evaporation. Evaporation is essentially a heat-consuming 
process. In terms of sensible heat transfer, the rate of evapora- 
tion in pounds of moisture per square foot per hour is expressed 


U(ta = tr) . 


by the general equation in which U stands for the over- 


= lif 
all heat-transfer coefficient in Btu per square foot per hour per 
degree F, (t2 — ti) for the temperature difference between heating 
medium and liquid to be evaporated, and (h» — hi) for the differ- 
ence in heat content between vapor and liquid, i.e., the latent 
heat of vaporization. 

We may also express the rate of evaporation in terms of vapor 
aes in which LZ, the vapor, 
heat-transfer coefficient, stands for Btu in the vapor diffused per 
inch of mercury per square foot per hour and p; and p» the vapor 
pressure of the liquid at temperature t and the partial pressure of 


heat transfer, by the equation 


the vapor, respectively. Substituting K for h the evapora- 


he — hr 
tion rate can also be set equal to K(p: — pv), K being the mass 
transfer coefficient in pounds per square foot per hour per inch of 
mercury pressure difference. 

Another way of expressing the rate of evaporation in case the 
heat for evaporation is supplied only by the air was introduced 
by Lewis® under the assumption that U(ts — ti) = r(Xs — Xa)k’, 
r being the latent heat of vaporization at wet-bulb temperature, 
X. and Xa, respectively, the absolute humidities at saturation 
and of the air, and k’, a coefficient of vapor diffusion in pounds of 
moisture per square foot per hour per unit absolute humidity 
difference. On this assumption k’ = U/s, s being the specific 
heat of the humid air (defined by Grosvenor as humid heat) 
since (Xs — Xa)r = s(ta — ti). However Schmidt’? has shown 


that k’ = — X = wherein «x stands for the mass diffusivity con- 
$s Qa 


stant and a for the thermal diffusivity. For evaporation of water 


6 “Evaporation of a Liquid Into a Gas,’”’ by W. K. Lewis, Trans. 
A.S.M.E., vol. 44, 1922, p. 325. 
7 Chemische Fabrik, vol. 29, 1929, p. 527. 
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into air x/a was determined at 1.09, which is close enough to 
unity to make the Lewis formula usable for practical purposes. 
We see, therefore, that we may express the rate of evaporation 
in four different ways. Values for all four coefficients, U, K, i; 
and k’, are available from a great deal of experimental data. Re- 
sults with values for still air check fairly well. For moving air, 
the values given as functions of velocity and turbulence lead in 
many instances to quite different answers. 

If the heat for evaporation is derived only from the air the 
liquid assumes the wet-bulb temperature ts. The rate of evapo- 
ration is therefore proportional to the temperature difference 
(ta — ts) termed the wet-bulb depression. According to the 
foregoing it is also proportional to the partial pressure difference 
(ps — pa), ps being the vapor pressure at saturation corre- 
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Fig. 2 ReGain Curves ror Various MATERIALS 
sponding to the wet-bulb temperature. The term drying po- 
tential for (ps — pa) is quite appropriate because it signifies the 
drying potentiality of the air. In contact drying with the heat 
for evaporation supplied from an outside source, the heat may 
be supplied at such a rate that t: exceeds the boiling point of the 
liquid, ie., the temperature at which the vapor pressure is equal 
to the total pressure p of the air above the liquid. In this case, 
the evaporation rate depends on the overall heat-transfer rate 
from heating medium to liquid and the available temperature 
drop. However, if the temperature of the liquid is lower than 
the boiling point the rate of evaporation will be controlled by the 
rate of diffusion of the vapor into the surrounding medium at the 
existing pressure drop (p: — p»). Unless the rate of heat 
flow from heating medium to liquid is checked to suit the rate of 
diffusion, the temperature of the liquid will rise to a level at which 
equilibrium exists. 

In connection with evaporation, there still remains to be dis- 
cussed the hygroscopic moisture and its evaporation. In the 
beginning it was mentioned that the vapor pressure of crystal- 
loidal solutions is lower than the vapor pressure of the pure 
liquid at the same temperature. As an extreme example, a 
saturated soda-ash solution boils at 572 F. This corresponds to 
a pressure of 1227 lb per sq in. Most organic materials contain, 
in their cells, both erystalloidal and colloidal solutions. As the 
moisture content decreases, the concentration of these solutions 
increases, especially that of the crystalloid solution, since, as 
stated, it diffuses readily. With the increase in concentration a 
point is reached when the vapor pressure becomes sensibly af- 
fected. This is called the hygroscopic point. If p, denotes the 
reduced pressure and pr: the pressure of the pure liquid at the 
same temperature, then p,/p: will decrease as the moisture con- 


y 


tent decreases. This relation for various materials is shown in 
Fig. 2. Substituting the reduced pressure, p, for pi, in the 
evaporation formula, (pr — p») must be positive if evaporation is 
to take place. If pr, corresponding to a certain moisture con- 
tent, is equal to p», no more moisture can evaporate. Hence 
each moisture content below the hygroscopic point is associated 
with a drying potential equal to the reduction in pressure (= 
pr), which is the same as saying that the equilibrium moisture con- 
tent is a function of the drying potential or of the wet-bulb de- 
pression of the drying air. Hygroscopic moisture-content curves 
(regain curves), which have been published for various substances, 
show the moisture content plotted against the relative humidity 
of the air at a certain temperature. From the foregoing, it 
appears more logical, although admittedly less convenient, to 
plot the hygroscopic moisture content against the wet-bulb de- 
pression or the drying potential and present the relation inde- 
pendently of the temperature. Even those inorganic materials 
which themselves do not go into erystalloidal solution with the 
liquid they contain may be hygroscopic if they contain salts as 
impurities which will go into solution with the liquid. Common 
salt, for instance, is only slightly hygroscopic, but it contains mag- 
nesium salts which make it very hygroscopic. It is for this 
reason that, in order to obtain a non-hygroscopic salt, the mother 
liquor should be removed by dehydration as far as possible. 

As the air picks up moisture, its drying potential decreases. 
The average rate of evaporation is equal to the logarithmic 
mean of the initial and final rates of evaporation, and is found 
directly by using the logarithmic mean for (fa — ts), (ps — 
po), and (Xs — Xa), respectively, in the given formulas for 
evaporation. 

Diffusion. Compared with evaporation, the mechanism of 
diffusion is much more complicated, especially when no outside 
force is applied, the difference of concentration of liquid being the 
only driving force that causes the liquid to flow. This force 
diminishes and changes with the location. Like all problems of 
this nature in which the rate of flow of a quantitative substance 
changes with the time and location, the relation is expressed by 
a differential equation of the second order. 
liquid diffusion in a body, it is assumed with sufficiently close — 
approximation that the rate of propagation of concentration of 
liquid K, in pounds per foot per hour per unit of concentration, is } 
constant. Then the flow pu of the substance in the direction x is 


, 


d 
equal to —«x re « denoting the concentration. The change | 
le 


of the concentration with the time will be proportional to change 
; ‘a do du x'do 
in flow along X, or fr a a 
this equation, let alone those in which we would have to consider 
diffusion in three directions and with variable x’, is extremely 
difficult to solve. Of interest to practical engineers are only the 
curves and tables worked out by physicists$ of which the latest 
and most complete ones are those by Prof. Albert B. Newman.° 
With their help the results of laboratory tests can be interpreted 
for practical purposes, and where coefficients are known, the 
change of moisture content with the time for bodies of certain 
geometrical shape may be determined under varying conditions of 
initial moisture distribution. Although there are admittedly 
practical drying problems to which this information may be applied 
directly, it must be borne in mind that the solutions are based 
on constant conditions, such as constant temperature of the 
material and constant flow, and constant temperature and 

8 Williamson and Adams, Phys. Rev., vol. 14, 1919, p. 39; Lederer, 
Zeitschrift fiir Angew. Chem., 1924, pp. 370-750; Sherwood, Ind 
Eng. Chem., vol. 21, 1929, p. 12; Peck, Phys. Rev., 1930, p. 35 
Newman, Cooper Union Bulletin, no. 5, 1932. 

9 Cooper Union Bulletin, no. 5, 1932. 
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In the case of © 


humidity of the air. Not only are these seldom encountered, 
but we should actually change them in order that we may im- 
prove on nature, so to speak. 

The question arises whether we should let the difference of 
concentration of liquid be the only force to drive the moisture 
out, and whether we cannot apply an outside source of energy 
“to speed up diffusion. How this is accomplished in contact 
drying does not require further explanation. But from it we 
may recall the fact that the moisture diffuses in the direction of 
vapor-pressure drop, and where there is vapor-pressure drop 
'\there must be temperature drop. Hence, in the case of air dry- 
‘ing, if we do not want to depend upon “natural diffusion,” we 
must maintain a temperature drop from the center of the body 
to the surface. We may do this continuously or intermittently, 
in both cases utilizing the heat of the air for this purpose. In 
the latter case, we will have alternating periods during one of 
which the heat input, U(ta — tz), will be greater than the heat in 
‘the steam evaporated, L(p: — pv), while during the other it will 
be equal or lower. On the other hand, during the period of dry- 
ying, which would otherwise be controlled by the diffusion, we may 
| so adjust conditions by changing U, which it should be recalled 
)is a function of air velocity and turbulence, that U(ta — ti) 
will always be somewhat greater than L(p: — po), the difference 


PROCESS INDUSTRIES 


PRO-57-1 45 
being utilized to cause “forced diffusion” at a rate corresponding 
to alae Obviously, because of the change that occurs 
in the rate of forced diffusion with reduced moisture content, 
U(ta — ti) and L(p: — pr) must also be changed to suit. The 
calculations for the proper determination of the variables are 
rather cumbersome. A graphical solution suggested by Prof. 
E. Schmidt! quite simplifies the problem. 

In connection with diffusion there is also to be considered the 
effect of the capillaries and the cells upon it. Undoubtedly, if 
the surface of evaporation is at right angles to the capillaries, 
the flow of moisture to the surface will be assisted by the capillary 
force. As soon as the moisture surrounding the cells becomes 
less, the cell moisture will diffuse into the capillaries, whence the 
capillary force will assist it to the surface. No reference is 
known of investigations which take these questions into account. 
The fact that the moisture in the cells has crystalloids and colloids 
in solution, only adds to the complication. From what we said 
in the beginning, one may anticipate that in the case of a erystal- 
loidal solution, the entire solution will diffuse to the surface, 
where the salts will be left behind after the moisture has evapo- 


10 Féppl Festschrift, Springer Verlag, Berlin, 1924. 
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Fic. 3 Warer-Ain Mixture CHART 


¢ (Based on: lb mol H2O/lb mol air = 0.622; Cp air at 100 F = 0.2420; Cp air at 700 F = 0.2460; Cy H2O obtained from Keenan steam tables.) 
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(Air and material temperatures and moisture gradient of material are shown in lower diagram.) 


rated. In the case of a colloidal solution in the cells, only the 
moisture will diffuse, leaving the colloids behind on the inside 
walls of the cells. 

Efficiency. The amount of air that passes through the drier 
for the evaporation of a certain quantity of moisture is a direct 
function of the difference in humidities X; and Xo, respectively, 
of the air going into and coming out of the drier. In a continu- 
ous drier, the rate of flow expressed in pounds of dry air per hour, 
dy, Lio = 

y, is equal to + ae 


a 


quantity of air through the drier is only part of the air power 


The power Py required to move this 
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balance P; is required to recirculate the air at a rate dr, which 
can be approximately determined as follows: If gq is the total 
thermal transmission in Btu per hour and t, the average tempera- 
ture rise of the air passing through the heaters at a considered 


q 


Xo— Xi 
d\ 1+ say oe s At 


air velocity, then n = 


, the number of times 


O14 0.16 


d; must be circulated per hour and 


o— A 
dr -a( +e n/p, the 


rate at which the air is recirculated 
in cubic feet per hour, if p is the 
average density of the air in the 
drier. The temperature rise At 
of the air passing through the 
heater in each section of the 
drier must correspond to the tem- 
perature drop from evaporation in 
that section of the drier. The 
efficiency of the drier expressed in 
terms of air horsepower, therefore, 
will depend a great deal upon the 
design of the drier with respect 
to the distribution of heating sur- 
face and the resistance to flow of 
air to and from the heaters. At 
the expense of increased air horse- 
power a continuous drier em- 
ploying reheating may attain the 
same thermal efficiency as a simi- 
lar drier of superior design. For 
the purpose of comparison of per- 
formance, therefore, one should 
know both heat and power con- 
sumption per pound of moisture 
removed. The investigation 
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should also include a heat balance in which the heat input ap- 
pears in the following items: 


(1) Heat to evaporate the moisture at the temperature at 
which it enters the drier 

(2) Heat to raise the temperature of the evaporated moisture 
from the temperature at which the moisture enters the 
drier to the temperature of the exit air 

(3) Heat to raise the temperature of the air entering the 
drier to the exit temperature, including its initial vapor 
content but not including the moisture added in the 
course of the drying process 

(4) Heat carried from the drier with the material (including 
final moisture content) above the temperature at which 
it enters the drier : 

(5) Heat loss due to radiation and convection from the 
inclosure. 


GRAPHICAL ANALYSIS OF Dryina@ Process 


Graphical presentation facilitates the analysis of a process. 
For drying, two principal charts are needed, one a liquid-gas 
mixture chart in which the change of condition of the air or gas 
may be shown, the other a liquid-material mixture chart for 
presenting the change of condition of material. For each kind 
of liquid and gas, and liquid and material, a different chart has 
_ to be drawn. A chart for water and air is shown in Fig. 3 and 

is based on Professor Mollier’s suggestion to use heat content and 
- moisture content as coordinates and set these coordinates at an 
angle. A most useful chart is thus obtained. Referring to it 
and assuming an atmospheric pressure condition of 29.92 in., 
point A indicates a dry-bulb temperature of 170 F (left end 
scale), a wet-bulb temperature of 128 F (constant wet-bulb line), 
a partial pressure of 3.9 in. Hg (bottom scale), a dew-point 
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temperature of 124 F (intersection of vertical with saturation 
line), a humidity of 0.0935 (top scale), a percentage humidity of 
0.0935 


0.428 


= 0.2185 (ratio of moisture content to saturated moisture 


; 3.9 
content on top scale), a relative humidity of Te 0.32 (ratio of 


partial pressure to saturated pressure at same temperature, on 
bottom scale), a heat content of 140 Btu, a specific volume per 
constant pv 
39.92 10" ( 29.92 
scale at top, bottom, and right-hand side points toward the origin 
(0 F) and the slope of the connecting lines indicate Btu per lb 
of moisture added per pound of dry air if the air changes in a di- 
rection parallel to this slope. Thus, for instance, in Fig. 4, the 
line connecting the initial and final state of the air is parallel to 
the 1220 Btu line, indicating the Btu consumed per pound of 
moisture removed per pound dry air. All the above readings 
may be made relative to any other pressure within the range 
of the chart. Furthermore, adiabatic compression (vertical) 
may be followed on the chart if the compression ratio to the 
1.4 power is taken from tables or calculated.1_ Fig. 5 shows a 
water-pulp mixture chart. The specific heat for the pulp is 0.3. 
Hirsch’ suggests superimposing the one chart upon the other 
as shown in Fig. 6. For a drying process of a simple nature 
this may be practical, but when reheating stages with changing 
quantities of air are used, the procedure becomes too involved 
to be practical. 


lb of mixture of 


The marginal 


11 The application of this chart to the graphical treatment of the 
so-called “Oxford drying process’ was presented in a paper by A. 
Weisselberg at a meeting of the Metropolitan Section of the A.S.M.E., 
April 18, 1933. 

12 “Die Trokentechnik,” by Hirsch, Springer Verlag, 1932. 
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The Engineer and Recovery——The Challenge 


to the Mechanical Engineer 


By PAUL DOTY 


lf I \HE American Society of Mechanical Engineers is vitally 
interested in any rational program for national recovery 
from the stagnation of depreciated values which have 
blighted national prosperity during the past five years. 

The Society, in contradistinction to other professional engi- 
neering societies, has been termed the Society of the Industries, 
and its work is primarily with the durable-goods industries 
rather than with the consumer-goods industries. 

It is recognized that the consumer-goods industries are oper- 
ating at practically normal capacities. What is needed, there- 
fore, is to restore the purchase and use of durable goods, where 
the purchase and use is now at a low ebb. 

The mechanical engineer is professionally interested in aero- 
, nautics, fuels, hydraulics, iron and steel, machine-shop practise, 
management of industries, materials-handling, oil and gas power, 
petroleum, power equipment, printing industries, railroads, 
textile machinery, wood industries, and process plants. 

Any national recovery program which will stimulate these 
professional divisions and activities, and put men and women 
back at work at their normal occupations, and restore prosperity 
to the durable-goods industries and to the nation, is assured of 
the interest of the mechanical engineer. 

To the engineer work means the overcoming of resistance, and 
if there be resistance to any program of national recovery, therein 
is the challenge to the engineer to carry the program to success. 

What will the mechanical engineer offer through the profes- 
sional divisions toward national recovery? In aeronautics, 
engines now make possible air flights of four hundred miles per 
hour with safety, and a speed of six hundred miles per hour is 
- now contemplated. If speed will annihilate distance and save 
time, the engine to do the required work will be forthcoming. 
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ABRONAUTICAL ENGINEERING 


Aeronautics has been moving forward by leaps and bounds, 
as best illustrated, perhaps, by the recent England-to-Australia 
race. Great attention has been attracted in this race by the 
performance of the DeHaviland Comet which made the crossing 
in 72 hr of total time, more than 18 hr ahead of its nearest 
competitor. A more careful analysis of the race, however, shows 
that the second place, with a time of little more than over 90 hr, 
and the third place with a little longer time, were taken by 
American-built planes of the transcontinental-liner type carrying 
passengers and mail, and permitting regular commercial opera- 
tion, while the Comet was a specially built racing plane. 

Heretofore there have been only two makes of airplanes of 
the unconventional design; one, the pterodactyl, having no 
tail; and the autogiro, maintaining itself in the air by means 
of a “windmill” rather than a lifting component acting on 
stationary wings. 

The inventor of the autogiro, de la Cierva, started with wing- 
less planes, relying entirely on the windmill for lift. This design 
_ later was departed from, wings of a restricted capacity being 
introduced. Recently, however, because of a better knowledge 
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of the mechanism and principles of operation of the windmill, 
de la Cierva has gone back to his original design and has dis- 
pensed with the wings, producing an airplane capable of flying 
at a speed closely approaching an average man’s run. 

Unquestioned progress is being achieved in two other direc- 
tions. Florine, in France, appears to be approaching a practical 
solution of the helicopter problem and is apparently in line for 
building a helicopter that will fly. Whether there is room for 
such a machine in competition with other types of aircraft 
remains, of course, to be seen. 

In another field, that of creating a machine dispensing with 
the use of the propeller and employing its wings both as a lifting 
and a propulsion medium, progress is being made by several 
designers, most of whom are working along the line of rotating 
sets of wings by means of a special mechanism so that the axes 
of the wings follow a path approaching a cycloidal curve. If 
any of these machines (such as Chapdelaine, Strandgren, etc.) 
are ever fully developed, they will be capable of flying both 
forward and backward. This will bring the safety of flying to 
approximately the same level as the safety of automobiling, with 
corresponding increase in the use of aerial transportation. 


FUELS AND PowrER 


In fuels the engineer sees a form of energy which may be 
converted into light, heat, and power, whether the fuel be 
solid, liquid, or gaseous. The conversion efficiency factor is the 
work of the engineer. The conservation of energy is the field of 
the engineer. 

Progress in the use of pulverized coal has been made, not only 
in the method of application but in better comprehension of the 
theory of combustion of that fuel, in the selection of suitable 
types of fuel, and in the development of burners and machinery 
for the preparation of the coal. 

Pulverized coal was first introduced in water-tube boilers. It 
has now, particularly in Great Britain, been successfully applied 
also to Lancashire boilers. This, it is said, has opened a wide 
field for the application of pulverized coal when burned at the 
mouth of the mine, where, for various reasons, water-tube boilers 
are not always considered to be suitable. 

National wealth is national prosperity. The potential water 
powers of the nation may become a source of national wealth 
with the application of hydraulic turbines. 

In addition to the water there are the air currents. The 
attempt to develop power from the wind at the experimental 
plant in New Jersey apparently has not yet reached the stage 
where a public announcement can be made. In The Nether- 
lands and in Russia, aerodynamic principles have been applied 
to the design of windmills, with the result that new types have 
been introduced which can operate on much lower wind 
speeds and are, therefore, capable of working practically 24 
hours a day. 

The comprehension of the process of combustion of Diesel- 
engine fuels has led to a grading of these fuels by ignitibility, 
showing the little suspected fact that the very characteristics 
which make a fuel especially suitable for engines such as are used 
in motor cars, make it undesirable for Diesel engines. 

In power equipment and generation progress has been made 
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along several lines, one by increasing the size of units, which 
reduces the first cost per unit of capacity and the maintenance 
cost by requiring fewer crews. It may be that the limit for 
present equipment has been about reached. Another direction 
is to increase automaticity of the plant and thus decrease oper- 
ating costs without sacrificing efficiency. A third direction in 
which there is promise of progress is in the creation of entirely 
new sources of power, such as from atomic energy. This, how- 
ever, is as yet only in the earliest stages of laboratory develop- 
ment. 


MATERIALS OF ENGINEERING 


Progress has been made in the field of engineering materials. 
The so-called stainless or rustless steels, when tested under 
service conditions, were found to be corrodible, though to a very 
much lesser extent, of course, than plain steels. This condition 
is now fairly well understood, with the result that the conditions 
under which high-chromium steels do not stand up have been 
determined. Moreover, by the application of such additional 
materials as titanium, the intergranular corrosion of these 
steels has been inhibited and their field of usefulness greatly 
extended. 

Progress likewise has been made in tungsten carbide cutting 
materials. These have shown amazing capacities for per- 
formance on certain materials, such as cast iron, and at first 
failed on other materials, for example, steel, where they pro- 
duced “cratering,” leaving the machined surface very rough. 
Tantalum carbide cutting materials are not made by melting 
the constituents and casting them, but by preparing them in the 
form of a very fine powder and then sintering them under great 
pressure. This is due to the fact that, heretofore, no way of 
melting these extremely refractory materials has been found 
that would not destroy the carbide constituent. The manu- 
facture of tungsten carbide cutters has led to the development 
of the technique of powder metallurgy and this is having its 
applications in several new fields. 

Production of surface hardness in soft steel by means of nitrid- 
ing is, of course, well known. Lately, however, methods have 
been developed to apply it to iron castings made in sand and 
permanent molds, giving a very hard surface with the usual in- 
ternal formation of cast iron. 

A spectacular achievement in the field of engineering materials, 
however, is the use of beryllium in copper alloys, which appar- 
ently promises the solution of an age-old problem of making a 
copper alloy that will be as subject to hardening through heat- 
treatment as is steel. From present indications beryllium plays 
the same role in copper alloys, though not in the same propor- 
tions, as carbon does in steel. 

Because of its application to the manufacture of springs and 
the promise of large demand if employed extensively for copper- 
hardenable alloys, great effort is being made to reduce the cost 
of the manufacture of beryllium both in this country and in 
Germany. There is no lack of raw materials for this manu- 
facture. 


WELDING 


In the field of welding one of the spectacular achievements has 
been the introduction of shot-welding, in which unusually large 
current densities under accurate control are employed. This 
has permitted the construction of railway cars of a lower weight 
than apparently would have been otherwise possible. 

The application of welding first made on an extensive scale 
some years ago on the German pocket battleship Hrsatz-Preussen 
has now been introduced in this country, cutting down the weight 
per horsepower surprisingly, i.e., from 45, and in some cases, 
60 lb to less than 20 lb. 
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MANAGEMENT AND PRODUCTION 


In the domain of the engineer lies the technique of production. 
Organizing for work will always be a fruitful field for engineering 
endeavor and is needed today as never before. The hard years 
of the depression have taught us much about waste and ineffi- 
ciency, and the technique we have learned will find abundant 
opportunity for constructive use as soon as factories begin to 
pick up their accustomed loads. This skill will be particularly 
necessary in the reconstruction period, when much must be 
regained with the expenditure of little. What Taylor and 
Gantt taught us of management, and what thousands of their 
followers have since developed, is quite as useful to an impover- 
ished industry as the skill of its artizans, or the desire of the world 
for its products. These things lie at the very basis of engineering 
philosophy, and have furnished the reasons for the promotion 
of engineers into managerial posts. 

With cheap and abundant power, and with our growing knowl- 
edge of chemistry and metallurgy, much progress has been made 
lately in materials. Examples of large and important industries 
based on such developments are evidence of the further impetus 
to recovery that can be given by engineers. Every new material 
of importance establishes a new industry and the basis for new 
articles and techniques. If it comes into competition with 
better known materials it forces advances in their technology, 
providing more opportunities for the services of engineers, and 
more jobs for workers. We can fight economic stagnation and 
defeatism by technological progress in these and allied lines. 


RAILROADS 


In railroads the use of alloy steels and light-weight materials 
have cut down weights in newest trains. Sweeping changes in 
standard railroad equipment may be made as a result of the 
recent successful use of these materials in high-speed railway 
transportation. This is believed to indicate a definite swing 
to the use of lighter, but stronger, metal in constructing equip- 
ment. 

Nine high-speed trains are now under construction in various 
shops. Three of these are being built of stainless steel; three of 
high-tensile, corrosion-resisting steel; one of high-tensile steel 
and aluminum; and two are being built entirely of aluminum. 

Replacement of obsolete or worn-out equipment has long been 
one of the most pressing problems of railroad executives. Esti- 
mates were recently made of the number of properly conditioned 
locomotives now available for use on the larger railroads which 
indicate that should there be an increase of 15 per cent in traffic, 
the carriers would have to call out every engine fit for use to meet 
the need. 

Modern locomotives are now of such efficient types that it is 
claimed they will pay for themselves in five years, and dividends 
which now go up in smoke may be reclaimed by the substitution 
of modern locomotives. The growth of air-conditioning has pro- 
vided a stimulant for recovery and machinery for improving 
passenger travel. 


INDUSTRIAL RECONDITIONING 


There is a governmental agency whose purpose is to stimulate 
the flow of private funds through private lending institutions 
into several kinds of building construction. 

The engineer knows the great importance of renovation and 
modernization. While for the moment the Federal Housing 
Administration and the Home Owners’ Loan Corporation are 
bending their energies toward home reconditioning, it is believed 
a rare opportunity exists to coordinate home reconditioning with 
industrial reconditioning. Fortunately, industries appreciate 
the necessity of keeping their properties in 100 per cent condition, 
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RECORD AND INDEX 


for in addition to expenditures for current maintenance and re- 
pair, which are operating expenses, a provision is made for de- 
preciation reserves for reconditioning. It may be said that the 
depreciation reserves are not always kept in the treasury of the 
industries as cash, but are used for other purposes incident to the 
needs of the industries. To do the work of reconditioning now 
may require the use of private credit, and, fortunately, private 
credit is available at low interest rates. In former depressions, 
the courageous investor was successful in taking advantage of 
low interest rates to buy when money was cheap, and property 
correspondingly below normal value. History will repeat itself. 
Not only is private credit available, but a governmental agency 
in the Reconstruction Finance Corporation will provide a supple- 
mentary source of credit. 

The Supreme Court of the United States has recently given 
a decision of much importance as related to the practise of de- 
preciation charges against earnings, and the Treasury Depart- 


_ ment has revised its regulations for allowable deductions in 
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income tax returns for depreciation. It is distinctly to the 
advantage of industries to incur expenditures for the use of 
depreciation reserves for modernization. 

It is believed there are at least three billions of dollars of in- 
dustrial depreciation reserves which can be expended for new 
and improved equipment at the present time. Many examples 
can be given of the growth and amount of depreciation reserves 
in industry, and the important thing to remember is that now is 
the time to do this work, when it can be done to the best ad- 
vantage, and to the benefit of the nation. To give value to 
these expenditures is the challenge to the engineer, and par- 
ticularly the mechanical engineer as the engineer of in- 
dustry. 


Human Neeps Stint Exist 


Analysis shows that consumer-goods industries are not unduly 
depressed, and that is understandable, for consumer goods have 
worn out in the past five years and must be replaced of necessity. 
The unemployed are found in the capital-goods industries, and 


if we wait until the capital goods wear out before we begin 
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replacement we shall have a long time to wait. It is distinctly 
to the credit of industry currently to set up depreciation reserves 
against the possible loss of property life, and to assume that they 
are payable on the death of the property, but rather are they 
not premiums to maintain the life of the property in good health 
and in 100 per cent condition of usefulness. Industry will not 
die while human needs exist. Human needs follow the growth 
of population and with an increase in population in excess of 
five millions in the past five years, the nation is not at a stand- 
still. Nature has bountifully supplied for the sustenance of 
human needs. The engineer provides the machinery for the 
Jeomforts of living. 

The engineer has an understanding of the materials of nature, 
and the forces of nature to be applied for the benefit of mankind. 
May it not be added that there is an understanding of the laws 
of nature, and if it be true that ‘“‘self-preservation is the first 
law of nature,” will not the use of depreciation reserves be an 
example of self-preservation, and the application of a natural 
law to recovery? 

If it be true that ‘‘self-preservation is the first law of nature”’ 
it may be added that “habit is nature’s second law.” It is 

This is true not only 
Not only must we meet 
the problems of Society Engineering, but we are face to face 
with the New Deal in social engineering and nature’s law. May 
we not say natural laws are dictated by conscience and are dis- 
cerned by right reason? ‘The pursuit of life, liberty and happi- 
_ness’’ is cited from the Declaration of Independence as an expres- 
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sion of a natural law. It is generally accepted that human 
nature is still in the saddle, and unsound public economy is an 
evidence of the weakness of human nature. I believe that in our 
political economic relations nature’s laws are against communism 
and in favor of private property on the ground of watchfulness 
and attention which self-interest produces in the conduct of 
business, for that is natural. In return for the use of private 
property for the public good, due compensation must of necessity 
be provided. 


Tue CHALLENGE TO THE ENGINEER 


Engineers realize that there is a scientific method of approach 
in acquiring systematic knowledge. We believe there are two 
types of approach—the technical and the logical. Whereas we 
know by the evidence of sight the ultimate agency for which 
machinery is intended, the ultimate agency for the machinery 
of nature is concealed from sight; but is it not the work of the 
engineer and scientist to rise from the visible to the invisible— 
from what we observe by sense to what we know by reason? 

The mechanical engineer will reestablish himself as the pro- 
ducer of wealth, the enemy of waste and inefficiency, the labor 
saver, the skilled operator of the machinery of modern living, 
the manager of industrial enterprises, and the provider of jobs 
and opportunity. He will prove the falseness of accusations 
that make him responsible for the world’s ills by upsetting its 
economic and social balance, and he will overwhelm the de- 
featists who rank security above opportunity. This he will do 
by making opportunity more alluring than security. 


Tue Sociery’s Part 


As a Society we have set our financial house in order, a neces- 
sary prelude to any economic recovery. We have been engaged 
in a searching study of our objectives, our organization, and our 
program, with the intention of giving greater effectiveness to 
our work as a professional society. We have extended our rela- 
tions with the engineering schools and have thus provided an 
easier approach to the engineering profession for the younger 
man, and a more sympathetic and closer contact with him. 
In cooperation with others we have established and are at 
present actively supporting the Engineers’ Council for Profes- 
sional Development, a coordination of organized effects to 
assume a higher type of professional engineer, and to secure for 
the engineer a better educational approach to his profession 
and an individual status economically and socially more desir- 
able. We have helped to sustain the important activities of 
the American Engineering Council, which is the established 
embassy of engineering at Washington. 

These thoughts have been designed to provoke in the minds 
of engineers a sense of the ungrasped opportunities that lie 
ahead and to provide inspiration for effective participation in 
national recovery. They call for supporting evidence that this 
Society and others similar to it in purpose are engaged in activi- 
ties directed toward the end suggested. Such evidence will be 
found in the technical papers being presented at this meeting, 
and in the reports of progress prepared by our Professional 
Divisions. Summaries of these papers and reports cannot be 
attempted here. Further evidence is to be found in the constant 
work of our technical committees engaged in establishing indus- 
trial standards, in formulating codes of practise, testing, con- 
struction and safety, and in the stimulation of technological 
progress by our research groups. 

The message I bring to you is one of faith in the profession 
of engineering. Is there waste in industry? Depend upon the 
engineer to make the analysis and the study to eliminate waste 
in industry. Are profits going to waste in smoke? Depend 
upon the engineer to reduce this waste. The engineer believes 
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in society and cooperation. The American Society of Mechani- 
cal Engineers is evidence of this belief. Here we give freely of 
our time and our talents for the greatest good to the greatest 
number. The engineer has met and is meeting the challenge 
of usefulness for the benefit of mankind. 


Believing in cooperation, the mechanical engineer challenges 
the courageous leaders of industry and appeals to the far-sighted 
investor of faith to take advantage now of the far-reaching 
possibilities of industrial reconditioning as 4 means of recovery 
of national welfare. 
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Ten Years of Stoker Development at 


Hudson Avenue 


By JOHN M. DRISCOLL! anv W. H. SPERR,? BROOKLYN, N. Y. 


Hudson Avenue Station is a stoker-fired generating 
station of 770,000-kw rated capacity. The station was 


’ started in 1922 with 14-retort underfeed stokers of 355 


sq ft projected grate and ashpit area and completed in 
1932 with an installation of 15-retort stokers of 694 sq ft 
projected grate and ashpit area. Development of the 
rated station capacity requires that the latter installation 
of stokers burn coal at the rate of about 65 lb per sq ft per 
hr, using eastern semi-bituminous coal of about 14,000 
Btu per lb as fired. On test, coal was burned at the rate 
of 75 lb per sq ft per hr for 48 consecutive hours, at a steam- 
generating-unit efficiency of 77 per cent. 

The development of the various stoker units, of which 
there are five different types, is described and illustrated 
in this paper. This station was the location of the de- 
velopment by the Westinghouse Company of the first 
“link-grate”’ stoker, which was successfully applied here in 
a 15-retort design having a projected grate and ashpit 
area of 524 sq ft. 

The 1932 installation of American Engineering Com- 
pany’s Taylor stokers is equipped with manual zoned-air 
control, which divides the air supplied to the grate section 
into 69 separately controlled zones. These stokers are the 
longest single-ended underfeed stokers on record, measur- 
ing 26 ft 7 in. from front furnace wall to the rear of ashpit. 


HEN the design of Hudson Avenue Station was initiated 

in 1922, underfeed stokers were the outstanding means 

available for burning a high-grade bituminous coal used 
by a steam-generating station located in the Middle Atlantic 
states. Subsequent to the original installation of twelve stokers 
at Hudson Avenue when the later additions of capacity were 
being provided, pulverized-fuel equipment was seriously con- 
sidered because by then it had been developed so that its relia- 
bility was no longer questioned. However, after considering 
such factors as layout, operation, and investment costs, stokers 
were chosen consistently as the better method of fuel firing at 
Hudson Avenue. 


1 Plant Equipment Engineer, Brooklyn Edison Co., Inc. Jun. 
A.S.M.E. Mr. Driscoll received the degree of B.S. in mechani- 
cal engineering in 1925 from Brown University. He was employed 
by the Brooklyn Edison Co., Inc., in 1925, in the mechanical en- 
gineering department and has been connected with the mechanical 
design work of Hudson Avenue Station since that time. Since 1929 
he has been plant equipment engineer. 

2 Assistant Plant Equipment Engineer, Brooklyn Edison Co., Inc. 
Mr. Sperr received the degree of M.E. from Stevens Institute of 
Technology in 1925. He was employed by the Brooklyn Edison Co., 
Inc., in 1925, as a cadet engineer. Since 1927 he has been with the 
plant-equipment bureau and in 1930 was made assistant plant 
equipment engineer. 

Contributed by the Fuels Division and presented at the Annual 
Meeting, New York, N. Y., December 3 to 7, 1934, of Tum AMprIcan 
Socinty or MrecuanicaL ENGINEERS. 

Discussion of this paper should be addressed to the Secretary, 
A.S.M.E., 29 West 39th Street, New York, N. Y., and will be accepted 
until April 10, 1935, for publication in a later issue of Transac- 
tions. 

Nore: Statements and opinions advanced in papers are to be un- 


derstood as individual expressions of their authors, and not those of 


the Society. 
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The various steps in the development of the underfeed 
stokers to obtain the desired capacities are described, and 
an apparent limitation in capacity of a purely underfeed 
stoker of any considerable length is discussed. 

This paper discusses also the unburned-gas losses and 
the cinder losses in the heat balance of a boiler-stoker 
test. 
stoker operation at high-burning rates, and loss data are 


The cinder loss attains considerable magnitude in 


given for a number of stoker tests at coal-burning rates up 
to 75 lb per sq ft per hr. 

The extent of improvement in efficiency in stoker opera- 
tion over the period of ten years due to stoker design and 
associated equipment is discussed from the standpoint of 
the installations in this particular station, efficiency data 
being given in curve form for the various stoker installa- 
tions. 

It is the hope of the authors in presenting this paper 
that it will serve steam-plant designers as a basis of facts 
on efficiency and capacity possibilities of large stoker- 
fired installations in the present state of the art. 

A companion paper by Messrs. Hardie and Cooper, of the 
Brooklyn Edison Company, entitled “The Test Perform- 
ance of Hudson Avenue’s Most Recent Steam Generating 
Units’’® presents test data and describes the test procedure 
and methods. 


Because of the large increase in size of each successive unit, it 
was necessary on each installation to utilize stokers which were 
longer than any in use at the time of their selection. The results 
of this design, from the standpoint of station investment cost and 
operating economy, have been very satisfactory. 


Sroxrr Drvetormunt 


The station structure was built in two stages, the original 
building providing for three 50,000-kw turbines and three rows 
of boilers with stokers which went into operation in May, June, 
and October, 1924. The first two units were engineered and in- 
stalled at the same time. The designers and operators, in order 
to obtain comparative operating data between two of the stokers 
which were on a parity on the basis of a comparison of bids, recom- 
mended the purchase of two Combustion Wngineering Com- 
pany’s Irederick stokers, and six Westinghouse stokers. The 
Combustion stokers are 14-retort, 31-tuyére units with a projected 
grate area of 380 sq ft and a length of 15 ft 6 in. while the West- 
inghouse stokers are 14-retort, 27-tuyére units with a projected 
grate area of 355 sq ft and a projected length of 14 ft 5 in. includ- 
ing ashpit. The third unit was engineered during the installation 
of the first two, and the stokers selected were four I’rederick units 
of the same size and design as the two purchased for No. 1 unit. 
The first three turbine and boiler installations were all of the same 
size, and the design data required a coal-burning rate of more 
than 50 lb per sq ft per hr to carry full station turbine capacity 
with eleven of twelve boilers in service. ‘The coal-burning-rate 
guarantees on the first three units are tabulated in Table 1. 

Since the station was designed with exceptionally high stacks, 


See A.S.M.E. Transactions, November, 1934, paper FSP-56-15. 
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TABLE 1 
-—Combustion rate, lb per sq ft per hr—~ 
Unit Continuous Four hours Two hours 
No. 1 Frederick.....-:j0 0000-5 51.6 62.5 
Nos. 1 and 2 Westinghouse..... 57.0 ste 73.0 
No. 3 Frederick......5..60.+0 55.2 71.0 be 


it was hoped to attain the required boiler outputs on natural 
draft, and consequently no induced-draft fans were installed for 
this first section. Unfortunately, the draft proved insufficient 
to carry the stokers much above 45 lb per sq ft per hr so that their 


Fig. 1 ComBustion ENGINEERING CoMPANY’S FREDERICK STOKER, 
Units Nos. 1 anp 3 


capacity to meet the guaranteed coal-burning rates has never 
been tested. 

Fig. 1 shows a cross-section of the Combustion stoker, and 
Fig. 2 shows a cross-section of the Westinghouse stoker unit as 
originally installed. During the first few years of their operation 
some changes were made from the construction shown on the 
drawings. The Westinghouse stoker was operated with the lower 
agitator grates in a stationary position, and the agitator operating 
mechanism removed. On the Combustion stokers the single 
grinder roll was rearranged to turn toward the lower grate and 
the retort bottoms were rearranged to use a shallower type of 
secondary ram which produced less disturbance and seemed to 
reduce clinkering troubles. 


The efficiency, as determined on test of Westinghouse stokered 
boiler No. 14 (the fourth boiler in No. 1 row), is shown at the left 
of Fig. 3, plotted against boiler output in millions of Btu per hour. 

In 1924, load growth was still continuing at a rate which in- 
dicated the need for capacity above that of the first three units. 
Engineering studies made at the time indicated the advisability 
of raising the operating pressure of the station from 265 lb per 
sq in. to 400 lb per sq in. for improved economy of operation. 
When this was done it was also decided to install an 80,000-kw 


Fie. 2 Wxstinanousp Stoker Units Nos. 1 anp 2 


turbine, to take care of the increasing load demand, also to reduce 
the cost per kilowatt of capacity of the ultimate station. 

The stoker specifications issued for unit No. 4 called for a 14- 
retort stoker with a length not to exceed 20 ft 6 in. and capable 
of burning 32,000 lb of coal per hr continuously. In other words 
the specification called for a continuous coal-burning rate of not 
less than 63 lb per sq ft per hr. It should be noted in connection 
with the coal quantities just mentioned that at the time of unit 
No. 4 design work, neither the company’s nor the manufacturer’s 
engineers appreciated the existence of a rather sharp falling off 
in stoker efficiency at these high outputs. Hence the required 
coal per hour in actual operation was even higher than that speci- 
fied to obtain the desired output. 

The No. 4 stokers were to operate with preheated air at a tem- 


FUELS AND STEAM POWER 


perature of 300 to 450 F. Only one of the four bidders had built 
a stoker of the maximum length allowed. Two of them offered 
propositions covering stokers of the maximum length permitted. 
The two others did not take advantage of the full length, but 
offered propositions on shorter stokers, which were, however, 


| longer than any that these two manufacturers had previously 


built. As a result of these negotiations, Westinghouse stokers 
were purchased, 39 tuyéres long, having a projected length of 
17 ft 4 in. and a projected grate and pit area of 427 sq ft. To 
burn a total of 32,000 lb of coal per hr on each stoker required a 

, burning rate of 75 lb per sq ft per hr. 

_ The first No. 4 stoker was initially operated in September, 
1926. As shown in Fig. 4 it was designed to underfeed practi- 
cally its entire length. The windbox was divided into four com- 
partments so that different air pressures could be carried under 
sections of the stoker from head to foot, with an additional zone 
for the agitator grate- Severe burning of the tuyéres occurred 


_ immediately above the plates dividing the windbox along the 


length of the stoker, and to overcome this the division plates were 
lowered to give transfer area from section to section immediately 
beneath the tuyéres. 

Numerous changes were made in the design of the retort 
bottom. The original bottom, as indicated in Fig. 4, had three 
secondary rams, the lower one acting at a different angle to the 
tuyére row, from the others. After several days of running, a 

, heavy clinker formation would develop at the head end due to 
‘the lack of upward motion of the secondary rams. High ratings 
could not be maintained because of excessive blowing of the fuel 
bed and lack of burning on the clinker-blanketed upper tuyéres. 

The next major change made was to use a straight-line retort 
bottom, in which the three secondary rams acted in line along a 
retort bottom inclined at an angle to the tuyére row. This retort 
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produced better overall results but made the fuel bed heavy and 
inactive at the head in spite of many minor adjustments. Clinker 
on the tuyére rows, while not giving trouble at low ratings, still 
interfered with the obtaining of high coal-burning rates. With 
the thought that a greater air-entry area into the upper section 
of the stoker would increase the combustion rate at this point, 
the next step was to install longer tuyéres at the head end which 
had double the air-passage area of the standard tuyére. This 

change seemed to have no appreciable beneficial effect on the 
obtaining of high ratings. A third major change consisted in 
raising the retort bottom along its entire length to shallow the 
' retort and obtain greater agitation and looseness of the fuel bed. 
Again this third attempt failed to eliminate clinker on the tuyére 
row at the upper end. In order to get still more upward motion 
of coal out of the retorts at the upper end, the fourth major change 
consisted of making the upper secondary move upward toward 
the tuyéres as well as down the retort and lift coal on its top sur- 


U oF I 
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face into the fuel bed. This change eliminated, very effectively, 
clinker immediately above the special upper secondary ram but 
in the section of fuel bed immediately following, tuyére clinker 
was experienced. 

The final change made was to install telescoping rams as shown 
in the lower view of Fig. 4, which combined the effective motion 
down the retort of the straight-line design, and a uniform upward 
motion of green fuel toward the tuyéres. On test, this design 
was capable of maintaining a uniform fuel bed over its entire 


Fic. 4 WerstincHouss Stoker Unit No. 4. Upprr Virw, Oniai- 
NAL INSTALLATION; LOwreR Vinw, LATER UNDERFEED ARRANGE- 
MENT 


length at coal-burning rates up to approximately 53 lb per sq ft 
per hr for 24-hr periods. Rates as high as 60 to 65 Ib per sq 
ft per hr could be maintained for 4-hr periods. At this burning 
rate, however, the fuel bed tended to become sensitive and was 
likely to blow off in any section. A point had been reached 
where there was an apparent limitation on continuous capacity, 
after every reasonable possibility had been investigated in the 
development of the underfeeding retort. 


LIBRARY 
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While this development work was going on for unit No. 4, 
plans were in progress for further addition to the generating ca- 
pacity of the station, calling for four additional boilers and stokers 
to serve a 110,000-kw turbine known as unit No. 5. The de- 
velopment of the thin, water-cooled furnace wall made it possible 
to provide one extra retort in the width of each stoker within the 
same overall limits of furnace dimension. A return was made to 


mia 


Fie. 5 WestincHousp Linx-Gratre Stoker Unit No. 5 


cold-air operation, because economizers offered an effective sub- 
stitute for air heaters in attaining economy and because space 
limitations practically prohibited the installation of the necessary 
duct work for preheated air on two adjacent units. It has been 
found, too, that the common-duct, preheated-air system, which 
had been necessary due to lack of space for a unit system, severely 
handicapped stoker- and boiler-maintenance work because of 
high temperatures resulting from leaky dampers. 

For No. 5 unit, 15-retort Westinghouse stokers were purchased, 
having a projected length from inside of front furnace wall to 
rear of ashpit of 19 ft 88/, in. and a projected stoker and ashpit 


‘ 


area of 524 sq ft. The proposal was based on a stoker designed 
along the lines of No. 4 unit stokers, but of 45-tuyéres length in- 
stead of 39. The guarantees were somewhat more conservative 
than those for unit No. 4, based on capacity per sq ft, and were as 
follows: 


Continuous, 24-hr 
Four hours 
Two hours 


58 lb per sq ft per hr 
65 lb per sq ft per hr 
73 lb per sq ft per hr 


Before development of the drawings for this installation had 
proceeded very far, the Westinghouse Company had developed 
the idea of their ‘“‘link-grate’”’ stoker. They proposed this design 
for installation on this contract, making the statement that they 
believed this new development had possibilities greater than the 
conventional underfeed stoker. It was agreed that the installa- 
tion should proceed on this basis. A sealed-ashpit design was 
incorporated in the No. 5 unit installation and subsequent in- 
stallations, in order to eliminate the downward flow of air and 


Fic. 6 WerstincHousre Linx-Grate Stoker Unir No. 4 


gas into the ashpit which had often been experienced on the unit 
No. 4 stokers and had resulted in high maintenance costs for the 
ashpit and lower stoker parts. 

The link-grate stoker, of which unit No. 5 at Hudson Avenue 
was the first installation, has been described a number of times 
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in the technical press.4 Fig. 5 is a drawing of this stoker. Briefly 
the link-grate section consists of a six-foot-long overfeed section 
made up longitudinally of five bar elements which are linked to- 
gether by a driving mechanism which gives the bars an undulating 
or wave-like motion which breaks down and distributes the fuel 
as it is received from the underfeed section and propels it toward 
the ashpit. 

This installation was successful from the first, and practically 
no development work and operating experience were necessary 
in order to meet and surpass the capacity guarantees. Results 

_ of efficiency tests on No. 54 boiler and stoker are shown in Fig. 3. 
| * Data up to coal-burning rates of 62 Ib per sq ft per hr (350 X 10° 
Btu per hr output) are for 24-hr tests, while the tests at burning 
rates of 76 and 89 lb per sq ft per hr are for durations of 3 hr and 
2 hr, respectively. 
Within a short time of the operation of unit No. 5, it was neces- 
_ sary to start engineering-design work on the next unit, No. 6. 
Because of the very satisfactory performance of the boilers and 
 stokers for unit No. 5, and the need for speed in installation, unit 
) No. 6 was made essentially a duplicate of unit No. 5 in these 
equipments. Unit No. 6 went into operation in 1930 with the 
_, same highly satisfactory results obtained on No. 5. In the en- 
tire station experience, these two rows of stokers have been out- 
standing for developing rated capacities without a long period of 
experimental work. 
' Subsequent to the successful operation of unit No. 5 link-grate 
‘stokers, the Westinghouse Company decided to install a link- 
grate section for the unit No. 4 stokers as a means of approach- 
ing their capacity guarantees. Before doing this work, the 
Westinghouse Company submitted revised capacity guarantees 
for the unit No. 4 stokers, which made them consistent in “per- 
formance per square foot,” with those submitted for unit No. 5. 
These revised guarantees, although somewhat of a reduction, 
were accepted and the work proceeded and was completed in 
1930. The revised capacity guarantees were easily met. Pro- 
vision was also made at this time for sealing the ashpit and in- 
troducing air under pressures beneath the clinker-grinder rolls, 
insuring a definite upward flow of air through the clinker pit. 
_ Fig. 6 is a drawing of the link-grate stoker unit No. 4. 
Specifications were issued in 1930 calling for stokers for units 
Nos. 7 and 8 to complete the station. Since two 160,000-kw 
' turbines had been selected, it was necessary to obtain steam- 
' generating capacity to supply their requirements. Originally it 
was thought that a boiler-house extension with two boilers, in 
addition to the eight then contemplated within the existing 
house, might be necessary for this purpose. Station-layout draw- 
ings were sent out with the specification indicating the available 
floor area and column arrangement in the building and the stoker 
\space limitations. In defining the capacity requirements, it was 
indicated that four stoker units when operated together should 
have a combined instantaneous output rate, in steam, which at 
no time during a cycle of operation of five hours’ duration per 
night for six consecutive nights should fall below a rate equiva- 
lent to 2,080,000,000 Btu per hr. Expressed as an average, this 
corresponds to a steam output of 520,000,000 Btu per hr per 
stoker unit. (455,000 lb of steam per hr.) This output was 
sufficient to supply the required steam from eight boilers inside 
the existing building. Stoker width was limited to 15 retorts 
by existing building columns carrying the coal bunkers. 

Very serious consideration was given at this time to the use of 

' double-ended stokers, because of the advantages in control of a 
shorter fuel bed. The problems of providing coal feed to an 


4“The Westinghouse Link Grate Stoker,” Blast Furnace and Steel 
Plant, Dec., 1929. 

“Underfeed Stoker Has Overfeed Rear Section,’’ Power Plant 
Engineering, Nov. 15, 1929. 
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additional aisle, in particular the space requirements of equip- 
ment which would have been required to feed reliably from the 
existing bunkers, could not be solved by any reasonable layout, 
so that the double-end design was abandoned reluctantly and the 
specification was issued for single-ended stokers. Proposals were 
received as given in Table 2. 

TABLE 2 


Combustion rate, 


Stoker area, ——lb per sq ft per hr—— 
5 hr 


sq ft 24 br 2 hr 
American Engineering Co... 694 65.5 73 82 
Combustion Engineering Co.. 630 60 64.3 75 
Westinghouse Co........... 578 57.8 69.5 73.7 


The Westinghouse Company also offered a stoker with an area 
of 625 sq ft, but with the same guaranteed total heat output per 
unit as for the 578-sq ft stoker; that is, the unit combustion rates 
were correspondingly reduced. While the Brooklyn Edison 
Company’s experience with units Nos. 5 and 6 had indicated these 
Westinghouse guarantees to be conservative, there was still con- 
siderable margin between the total maximum output guaranteed 
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and the desired output from the eight units. The Combustion 
Company’s guarantee was also not high enough to obtain the 
desired steam output from the eight stokers. American Engi- 
neering stokers were therefore purchased on the basis of their 
guarantee to perform in accordance with the preceding conditions, 
which met the specification and station-capacity requirements. 
This guarantee was the only one which offered to produce the 
required steam without going outside the limits of the existing 
building. 

The stokers installed were 69 tuyéres long, an extension of a 
design previously installed at the Delray Power House No. 3 of 
the Detroit Edison Company which were 57 tuyéres long. The 
retort contained six horizontally acting secondary pushers, in 
addition to a reciprocating extension-grate section at the lower 
end. Each pusher and extension grate had provision for indi- 
vidual adjustment of stroke external to the stoker while the 
stoker isin operation. Five pushers were originally of the square- 
nosed type, 8 in. high. The arrangement of the stoker originally 
installed is shown in Fig. 7. 

Early operation disclosed lack of ignition at the head and a 
tendency for the fuel to blow off the grates as coal-burning rates 
of 45 to 50 lb per sq ft per hr were approached. The first move 
was to restrict the air supply to the front-wall air boxes and also 
to restrict the air to the upper tuyéres at the head end of the 
stoker by installing baffles underneath the tuyéres. Constant 
experiment was carried on to determine the best combination of 
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TABLE 3 
WitiN Od ercsravie ec Gis aus wleahe whe sus 1 3 4 5 Y( 
BtokeriNos RGhenee nae ae adate 14 34 j 4 54 waz 
Manulactarer wists jcc eco os eee Westinghouse Combustion (Frederick) Westinghouse Westinghouse American Engr. (Taylor) 
WEAT INBCALEG -ferariterie teenie. 924 1924 1926 29 1928 1932 
WAGtH ObOrta-fieaiacs ecto mate wine cs 14 ae ae pee rash RA 
Projected area,including ashpit, sq ft. 355 
Projected length, including ashpit... 14’5” 15/6” 17/4” 17/4” 19’6” 26'7" 
Projected length, underfeed section.. 8/10” 9/8” 13/3” 9’4" 11’2” 18) 8’ 
Projected length, overfeed section... 1 gy ag 1/4” iy 5’0" 5’0” 2'6" 
Projected width, clinker pit........ 4/0” 4/6” 2’6” 3/0 3/4 87 
Boiler surface, sq ft........-...... 19,650 19,650 22,920 23,760 24,450 
Economizer surface, sq ft.......... 0 0 0 14,960 22,400 
Air-heater surface, sq ft............ 0 0 43,290 0 0 
Burnace vol., ot {6...25c<. - seas we 7500 7500 7750 8500 14,000 
Furnace volume per sq ft grate area. . Vf a 19.8 18.0 ; 16.2 : 20.2 
Type of furnace wall.............. Refractory Refractory Spaced water tube Bailey block water wall Fin tube water wall 
Air'temperatite...aneeean eae tele Cold Cold 300-400 F Cold Cold 
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secondary-ram strokes. Also the upper secondary ram was re- 
moved and replaced by an inclined dead plate. This effectively 
deepened the retort at this location, but the increased depth was 


below the tuyére line so that the fuel-bed thickness above the 
tuyére line was not increased. Then the ram-box caps, which 
originally had an extremely flat slope from the ram, were re- 
placed by others, the roof slope of which could be adjusted to 
give an upward flare of as much as 71/, in. from the ram out to 
the furnace and thus give greater depth of coal over the tuyéres. 
With these two latter changes, some difficulty was experienced 
with packing of coal on the bottom of the retort at this location, 
which effectively shallowed the retort and also produced a dis- 
turbance to the underfeeding action. The upper dead plate was 
replaced experimentally with an inclined flat plate capable of 
reciprocating motion, with some improvement. 

Other experimental changes were made on the other secondary 
pushers, by pulling them toward the front of the stoker, thus 
effectively deepening the retort; and also on other occasions by 
adding sections having inclined faces to the pusher noses, which 
effectively shallowed the retort. At the end of about a year’s 
work, the various possibilities had been quite thoroughly investi- 
gated and the retort profile determined which gave the best re- 
sults. This comprised an inclined sliding plate for the No. 1 
secondary ram, which was later modified to give the retort a 
rounded bottom in order to reduce friction of the coal in the re- 
tort. The ram-box caps were set at a height giving a rise of 
about 6 in. Pushers Nos. 2, 3, and 4 were of the square-nose 
type, while Nos. 5 and 6 had inclined faces, with slopes approach- 
ing that of the retort. No. 6 pusher was finally installed with an 
inclined stepped face. With this stoker, fairly reliable operation 
at coal-burning rates of about 60 lb per sq ft per hr for periods of 
4 to 5 hr could be obtained, with somewhat longer runs and higher 
ratings sometimes attainable. The experimental work described 
was conducted chiefly on one stoker, and during this time the 
operation of the stokers was entirely reliable and without exces- 
sive maintenance, the only limitation being on the maximum 
capacity as described. 

Since the American Engineering Company had done consider- 
able work with zoned-air control on other installations,® they then 
stated their desire to make the application to one of these stokers 
as their next step toward meeting the capacity guarantees. This 
equipment was designed and installed first on No. 74 stoker. 
Each row of tuyéres, including the two rows of half-tuyéres at 
the side, was divided into four equal zones and a control damper 
and metering venturi box and gage were provided for each zone, 
making 64 zones in all. The extension-grate section was divided 
into five zones across the width of the stoker with control damper 
and gage for each. The air-control apparatus arrangement 
under each tuyére row is illustrated in Fig. 9. 

After a short period of experimental operation, this stoker 


5 “Zone Air Control for Stokers Made Automatic,” F. J. Chatel, 
Power, Jan. 26, 1932. 

“Zoned Air Control for Underfeed Stokers Increases Boiler Ca- 
pacity,’’ Griswold and Brown, Power, June 23, 1931. 

“Stoker Developments at the Detroit Edison Company’s Delray 
Power House No. 3,” P. W. Thompson and F. J. Chatel, A.S.M.E. 
Trans., 1933, paper FSP-55-11. 
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proved itself capable of meeting the capacity guarantees and of 
exceeding them by a substantial margin. During the final tests 
on this stoker, for which water and coal were weighed, it was op- 
erated for a period of 48 consecutive hours at an average coal- 
burning rate of 75 lb per sq ft per hr at an average efficiency of 
steam-generating equipment of 77 per cent. This was at an 
output of approximately 500,000 lb of steam per hr. 

While this point has not been mentioned in the descriptions 
of the individual stokers, there has been complete adoption at the 
Hudson Avenue Station of the so-called “thin tuyére.” Thus 
the unit No. 4 Westinghouse stoker with link grate, having a 
rated underfeed section of 27 tuyéres, now has actually 48 tuyéres, 
and the newest Taylor stokers, originally 69-tuyére stokers, now 
actually have 100 tuyéres. This type of tuyére was, in these 
cases, adopted by the manufacturers, and the use continued by 
the station operators. While they do not show any marked im- 
provement in the manipulation of the stoker, they lessen clinker- 
ing difficulties and burning troubles, and lower maintenance costs. 


Discussion orf Resuits 


In considering the stoker installations, the history of which is 
presented here, it has been pointed out that capacity require- 
ments made necessary the use of the most advanced develop- 
ments which the stoker art afforded, both as to length of stokers 
The following points seem to 
the authors to warrant mentioning in a discussion of the results 
of these installations: 


(1) As will be seen from Table 4, the general type of coal in 
use at Hudson Avenue has been fairly constant in character. A 
heating value of 14,000 Btu per lb, as fired, moisture content of 
4 per cent, volatile matter of 17 to 19 per cent, and ash of 7 to 9 
per cent would serve to represent this coal. Comparisons of 
coal-burning rates per square foot are based on coal as fired. 


TABLE 4 COMPARISON OF ean Mae ee COALS—STOKER 


Stoker No. 14 34 43 54 74 
Btwiasifired)\.ccrelters 13,650 13,800 14,000 13,650 14,000 
Btu MAUD vials sidiecersyetvinretere 14,200 14,400 14,500 14,300 14,500 
Moisture, per cent..... 4.0 4.1 3.3 .6 3.3 

Proximate analysis, dry basis 
Volatile, per cent...... 18.0 19.0 18.2 19.4 17.8 
Fixed carbon, per cent.. 73.3 73.0 74.5 72.4 74.7 
Ash, per cent......... 8.7 8.0 7.3 8.2 7.5 
Ultimate analysis 
Carbon, per cent...... 81.0 80.8 82.3 80.7 82.1 
Hydrogen, per cent.... 4.3 4.3 4.2 4.6 4.4 
Oxygen, per cent...... 3.4 4.0 3.9 3.9 3.6 
Nitrogen, per cent..... 1.3 1.3 1.9 1.3 1.3 
Sulphur, per cent...... 1.3 1.6 0.9 1.3 eal 
Ash, per cent......... 8.7 8.0 7.3 8.2 ine 


While these values might have been expressed on a dry-coal 
basis, no standard practice in this respect seems to have been 
adopted, and there would still remain the variable of heating 
value when comparing with other installations. The importance 
of the heating value in comparing capacities has been pointed 
out in the paper by Messrs. Foresman and Mosshart of the West- 
inghouse Company, on “Stokers and Furnaces for New England 
Fuels,”’® presented before the Boston Section of the A.S.M.E., 
May 15, 1929. 

(2) There is some variation in the furnace volume per square 
foot of stoker area, which will be noted by reference to Table 3. 
There are also differences in the amount of ‘‘cold’’-water-cooled 
surface exposed in the furnace. The most radical difference 
from the preceding units is presented by units Nos. 7 and 8, with 
almost completely water-cooled furnace, and an entirely different 
shape of furnace and disposition of furnace height with respect 
to the stoker. 

(3) From a review of Fig. 10 it will be noted that the differ- 
ence in steam-generating efficiency between the 1924 installation 


6 A.S.M.E. Trans., 1931, paper FSP-53-1. 
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and those made since 1926 is about 8 per cent. 
ence, 7 per cent increase is accomplished by the reduction of dry- 
gasloss. This reduction is due chiefly to the installation of heat- 
recovery equipment beyond the boiler surface. A portion of it, 
representing about one-half of one per cent in the heat balance, 
was accomplished by a reduction of excess air. The use of water- 
cooled furnace walls made practical the use of higher furnace 
temperatures of combustion, and the improved methods of fuel 
and air control, particularly in the extension-grate zone, facili- 
tated the accomplishment of the reduction of excess air. The 
introduction of the sealed ashpit probably assisted in the reduc- 
tion of excess air at low ratings. 

The combustible in refuse loss has been reduced from about 
1.5 or 1.7 per cent in the heat balance to a loss of generally less 
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than 0.5 per cent. Credit for this is due mainly to the improve- 
ments in the extension-grate section and to the sealed ashpit, 
which latter permits more complete burning out of combustible 
in the ash particularly at higher ratings when “popcorning’’ of 
fuel into the more quiet zone of the pit takes place on all stokers. 

(4) As operating capacities were increased to burning rates 
of 50 lb per sq ft per hr and above, the standard boiler test showed 
increasingly large unaccounted-for losses in the heat balance. 
Consideration of this question indicated two probable identities 
for these unmeasured losses; first, the fly cinder and coke carried 
off the fuel bed with the gas, and second, unburned gases or prod- 
ucts of partial combustion, such as hydrogen, hydrocarbons, and 
carbon monoxide. Carbon monoxide is mentioned because of 
indications that the usual Orsat analysis apparatus did not give 
as high an indication of this gas as was shown to be warranted 
by other check methods. The Brooklyn Edison Company has 
given considerable attention to the development of cinder-sam- 
pling methods for determining the cinder losses and to laboratory 


Of this differ-_ 
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methods of gas analysis from samples taken in the field for the 
more complete determination of losses due to unburned or par- 
tially burned combustible gases. This investigational work was re- 
viewed by W. F. Davidson of this company in a paper entitled 
“Reduction of Unaccounted-For Losses in Boiler Tests,’ pre- 
sented at the Chicago Meeting of the A.S.M.E. in 1931. Appli- 
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cation of these methods of test and analysis has resulted in the 
obtaining of extremely consistent results regarding cinder-loss 
values, and a gratifying reduction in the residual values of “radia- 
tion and unaccounted-for losses” obtained on test. A discussion 
of the methods and apparatus used on the 1934 tests is given in a 
companion paper by Messrs. Hardie and Cooper of the Brooklyn 
Edison Company research bureau, entitled “The Test Perform- 
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Pace cate udsoh | Avenue’a: Moat) Recent TABLE 5 OPERATING DATA FOR HUDSON AVENUE STATION, 1925-1933 
Steam-Generating Units.’’3 (Based on service hours per year) 
GaN Snerease int cinder lode at the Year 1925 1926 1927 1928 1929 1930 1931 1932 1933 
higher ratings which has been referred to 1—Average steaming rate—1000 lb per hr per boiler 
is a reflection of the growing instability 21724 c0.0f Tél MMmreL! Th aga ak Ages aca eTmm Bing gh meet Lot! y 
of the fuel Bed as burning sates are ine FH cop MBSLE S OFEE Ra tT mune MELE pest 
‘ ereased. This condition, resulting from 51-54 ie igs aah 1663310 PATO Shee SO; vanuuetons 4 1B4UOpeTS 7 
inequalities in the thickness and porosity 71-74 5 URL hee Se DA eam age messi (are ar “4970 
bigibettuel bed shastalsolbeentdiscussed|byemonece ml Wi sem mn °C tote | mene Vesey Ontos cing pase 172.6 186.9 
Messrs. Foresman and Mosshart with ref- 2—Average coal-burning rate, lb coal per sq ft per hr 
it erence to the duration of time for which hi-14 21.0 17.9 15.7 17.3 14 FeO aera Ramen te o # 
> any rating may be carried. aa 20.3 20.9 ack ieee yee fs ila a 
The cinder losses for three of the stoker 41-44 Mb 27.8 31.9 33.0 BIS 30.7 27.1 Poort mice 2 
units most recently tested, namely, Nos. 61-64 i) cei Man eee ens bess Heim Sa) Me Oi haere 
ee An tara weg Dlovtedsin Higa lle it Geime Ameee a) =--2 GIR) Se 20 ote of FH ts senha I User: 24.9 27.2 
Blihese loscesmwerorcalculatedHtrom: thegasmn Gee mn | ete  ) Nite OE Gee bg A ee 
flow after determining the cinder loading 3—Average steam-generating efficiency—per cent 
\ of the gas in the uptake by the sampling 21-bit ps 7 v8 aoe are os Or Ee vente eae 
~ method as described in the paper by 31-34 ; i 78.9 78.0 76.0 75.4 72.9 er: ee 
Hardie and Cooper. In this connection, $14 20) 7? SE Sy BD BB B83 8818 
it should be pointed out that the cinder pied coon ego | Sarna gt 8) Sno Bt 85.2 85.5 peck gor8 
_ Joss for No. 74 stoker was measured under 81-84 ea ee 3 wee: oA ok nbie®: ik: 87.5 87.3 
‘conditions of operation which provided : 
Meee atnéiuin to the ashpit of that: por: 4—Stoker-maintenance cost—dollars per net ton 
} j i : 11-14 Cel OEE ORs. Waa  ~O@l03 On OAR ~socda  taaase 
tion of the cinder which was trapped in 21-24 0.119 0.094 0.065 0.086 OUOSHIN LOXOSO aL ONOOOM IN Oe ciNMN O. br.05r5 
Sie hoppers of the boller eb the bottom of Git OS GT) 84 Bd OR OA Ba 
}the third boiler pass. These hoppers and 51-54 son | Ae) eee 0.025 0.043 0.075 0.071 0.063 0.043 
the return piping system are indicated in 91-74 ge os eae ae ae eines e007?» 05080 
ibaa TO Se Tae i eee Pe a tee > bP 1 are 0.034 0.068 


Fig. 8. This method of operation as- 
sisted in raising the efficiency of No. 74 
stoker on test by reclaiming heat which otherwise would have 
appeared in the cinder loss. The low value of combustible in 
refuse loss indicates that the cinder returned to the pit was 
quite completely burned. 

(6) In comparing the efficiency results of stokers Nos. 54 and 
74, it will be noted that while the cinder-loss points, as deter- 

-mined at the boiler outlet, lie close to a common curve and the 

dry-gas loss for No. 74 is higher than for No. 54, the efficiency for 

the No. 74 unit is higher at the same coal-burning rate. The 

' reason for the difference in efficiency is of interest and lies in the 

greater ‘‘unaccounted-for” loss in the No. 54 test. Although the 

unburned-gas losses were not measured on the No. 54 test, it is 
believed that these largely account for the difference. The “un- 

! accounted-for” losses, which include radiation and all test errors, 

are shown in Fig. 12. A comparison is also given with the sum 

of “unaccounted-for’ and unburned-gas losses for No. 74, since 
the unburned-gas loss for No. 54 is included in the ‘“‘unaccounted- 
for” classification. This comparison shows the No. 54 losses 
ysomewhat higher. All of the test points shown on this illustra- 
tion are for 24-hour tests with weighed coal and water. Cinder 
loss and other measured losses were obtained by similar proce- 
dures in each case. The reduction in unburned-gas and unac- 
counted-for losses in the No. 74 test may be attributed partly to 
the air-control equipment and also to better furnace conditions, 

‘namely, greater furnace volume and what is undoubtedly a 
‘superior arrangement of furnace for stoker firing, namely, a long 
-gas path from the head of the stoker to the boiler-heating surface, 
‘as contrasted with the comparatively short gas path for No. 54. 

(7) It is interesting to note that for unit No. 4, which was 
installed as an underfeed stoker, with a projected length includ- 
ing ashpit of 17 ft 6 im., after a long period of experimenting and 

“numerous changes which developed it to its best operating con- 

dition as a purely underfeed stoker before the installation of the 

‘link grate, a limitation on stable operation for long periods was 

reached at a burning rate of about 55 Ib per sq ft per hr. This 

-stoker operated with preheated air. 


For unit No. 7, an underfeed stoker of different manufacture 
with a projected length of 26 ft 7!/2 in. including ashpit, after a 
long period of development which brought it to its best operating 
condition as a purely underfeed stoker, without zoned-air control 
apparatus, a limitation on stable operation for long periods was 
reached at about the same value of 55 lb per sq ft per hr. 

It is known that this capacity limitation does not apply to ex- 
tremely short stokers, probably because of the better opportunity 
for operating supervision and the quicker response of the fuel 
bed to control measures. The exact length at which this capacity 
limitation becomes effective is not known from experience at 
Hudson Avenue; it is probably considerably shorter than the 
approximately 13-ft-long underfeed section of the original unit 
No. 4 installation. 

(8) The use of the link-grate overfeed section at the lower 
end of an underfeed stoker had the effect of raising the capacity 
limitation compared with the purely underfeed stoker. With 
a six-foot section of link-grate construction substituted for the 
usual tuyére row and retort construction, the maximum, continu- 
ous, overall coal-burning rate on the combined underfeed and 
overfeed area of the stokers described was raised to approximately 
65 lb per sq ft per hr. An explanation of this increase in coal- 
burning rate may be in the following: The pure underfeed sec- 
tion is shortened, thereby facilitating its control and raising the 
combustion-rate limitation on that section. As the coked fuel 
passes on to the link-grate section it is broken down and spread 
out to form a very porous fuel bed, through which a windbox 
pressure lower than that needed for the underfeed section will 
pass the required combustion air. Thus, in the event of the for- 
mation of a weak spot in the fuel bed, the potentialities for the 
blowing out of the local section of the fuel bed, due to a sudden 
conversion from windbox static pressure to velocity pressure, are 
reduced. 

(9) The use of zoned-air control equipment brings back to 
the long stoker the control element formerly lost by comparison 
with the short stoker. The provision of metering boxes and 
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gages to indicate the flow conditions enables the operator to in- 
terpret the condition of the fuel bed at various points. The 
adjacent damper control provides the means to control the flow 
to correct any irregular condition indicated by the metering gages. 
The effectiveness of this control may be judged from the fact that 
during the two consecutive 24-hour test runs on No. 74 stoker at 
a coal-burning rate of about 75 lb per sq ft per hr, the air control 
alone was manipulated, the strokes of the six secondary pushers 
were not changed, gear-box ratio was not changed, and stoker 
speed was adjusted on an average of only once in two hours, by 
an almost negligible percentage. 

(10) It is interesting to note that the apparent limitation of 
the plain underfeed stoker, due to lack of control of fuel and air, 
has been met by two manufacturers by two entirely different de- 
velopments, opening up further possibilities in the efficient burn- 
ing of coal for heat and power. This method of increasing ca- 
pacity by the more effective use of existing floor areas and more 
intensive use of equipment results in a lower cost per kilowatt of 
installed capacity, and is particularly adapted to the peak 
requirement which is characteristic of electrical central-station 
service. 

(11) A summary of the results of nine years of stoker opera- 
tion, from 1925 to 1933, inclusive, giving average boiler steam- 
output rate, average coal-burning rate, average boiler efficiency, 
and average stoker-maintenance costs is given in Table 5. The 


relatively low average coal-burning rates result from the low sta- 
tion loads during the early morning hours. The completion of 
the link-grate installation on No. 4 unit in 1980 is reflected in the 
improved steam-generating efficiency and stoker maintenance 
figures in the years following. 

(12) As to the future possibilities for higher coal-burning rates 
per square foot of stoker area (it being an author’s prerogative 
to make a few predictions), the chief loss of magnitude which re- 
mains to be attacked by future development is the cinder loss. 
It would seem that to decrease this loss, stoker grates and coal- 
feeding mechanisms will have to be changed radically from their 
present, design to one which will produce a much higher ratio of 
air-admitting area to total grate area and which will distil the 
volatile, and coke the fuel rapidly within a very short section of 
the total stoker length. 

In closing, the authors wish to state that in presenting this 
paper it is their intention to make available information on the 
performance and capacity abilities and limitations of long stokers _ 
when burning eastern bituminous coal; the stokers discussed rep- — 
resenting, in the present state of the art, the most advanced de- | 
velopments in stoker length and coal-burning capacity. | 

The authors also wish to compliment the manufacturers on the ~ 
persistence displayed by them in finally overcoming the many 
problems with which they had to cope and on the successful com- — 
pletion of their contracts and meeting of their guarantees. 
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Use of Current Meters for Precise 


Measurement of Flow 


By FLOYD A. NAGLER!} 


In this paper the author deals with the art of flow 
determination by current meter, compares the accuracy 


| of this method with that of other means of water measure- 


ment, and draws attention to a number of precautions 
which should be observed in order to minimize error. 
He compares also the characteristics of cup and screw 
meters, discusses meter ratings, the effects of turbulence 
and angularity of flow, describes the channel sections 
best suited to accurate gaging, and covers in some detail 


_ the technique of flow determination under varying con- 


\ 
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ditions in the field. 


PRECISION OBTAINABLE ONLY WITH Proper USE OF RELIABLE 
METER 


‘A f YHE CURRENT METER is an indicator of the velocity at 
only one point in the cross-section of a stream; it does not 
measure flow directly. Flow may be obtained, however, 

/with any reliable current meter more or less precisely depending 

upon the intelligence displayed in the use of this instrument in 
scanning the cross-section of the stream and the consideration 
given to the variations and disturbances in flow. Its use in mea- 
suring flow is analogous to the technique required in using the 
pitot tube or any other velocity-measuring instrument. Thus, 
perfect instruments do not insure precise measurements. The 
proper use of the current meter in integrating the velocities is as 
essential to a precise measurement of flow as the reliability of 
the current meter itself in indicating the correct forward compo- 
nent of velocity along its axis. 


Types oF METERS 


Current meters in common use at the present time are generally 
classified, with respect to the type of their rotating element, as 
either cup or screw meters. 

The rotating element of a cup meter turns about a vertical 
axis. This type is being used extensively by the United States 
Geological Survey who have adopted the improved Price meter 
(see Fig. 1) as the most dependable current meter for use in the 


' measurement of the flow of American rivers. 


The propellers of screw meters rotate about a horizontal axis. 
Meters of this type are available in many designs, the most com- 
mon of which are the Fteley, Haskell, Hoff, and Ott meters. The 


1 Deceased. Dr. Nagler was graduated from Michigan State 
College in 1914 with the degree of B.S. In 1915 he received the 
degree of M.S.E. and in 1917 that of Ph.D. from the University of 
Michigan. From July, 1909, to September, 1910, he was electric 
meterman with the Commonwealth Power Co. and from October, 
1914, to June, 1917, he was a graduate student in hydraulic engineering 
at the University of Michigan. From 1917 to 1920 Dr. Nagler was 
associated with Robert E. Horton, Consulting Engineer, Albany, 
N. Y., and in 1920 went to the State University of Iowa as assistant 
professor. In 1922 he became associate professor of mechanics and 
hydraulics and in 1928 he was appointed professor of hydraulic 
engineering at the State University of Iowa. Dr. Nagler held this 


| position until his death, November 10, 1933. 


Contributed by the Hydraulic Division and presented at the 
Annual Meeting, New York, N. Y., December 4 to 8, 1933, of THE 
AMERICAN Society oF MrecHANICAL ENGINEERS. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


Haskell meter (Fig. 2) has been employed in measuring the dis- 
charge of some of the larger American rivers, the new Hoff meter 
(Fig. 3) has been used extensively in some of the western states, 
while Ott meters of several different designs (Figs. 4 and 5) are 
occasionally used in making the more precise measurements of 
flow in volved in laboratory work and hydroelectric development 


Meter Ratines 


The characteristics of these meters as indicated by their rat- 
ings in still water are well known: 


(a) Meters are available which with good care maintain their 
rating in an entirely satisfactory manner for velocities greater 
than one foot per second.? 


Fie. 1 Improvep Prick Current MuTER 

(6) In contrast to the screw meter, the cup meter does not 
register properly near the water surface or the walls of the chan- 
nel. 

(c) Like all instruments of precision, meters of the same type 
differ in their rated characteristics. They also give different 
results with different types of support. Hence, in rating, meters 
should always be supported in the manner in which they are used 
in the field.4 


2“'The Rating and Use of Current Meters,” by C. Rohwer, Tech. 
Bull. No. 3, Colorado Agric. College, p. 126. 

3 ‘Accuracy of Stream Measurements,’”’ by E. C. Murphy, Water 
Supply and Irrigation Paper No. 56, 1901, U. S. Geological Survey. 

“Behavior of Cup Meters Under Conditions Not Covered by 
Standard Ratings,’ by F. C. Scobey, Jowr. of Agric. Research, 
May 25, 1914, pp. 77-83. 

“The Rating and Use of Current Meters,’’ by C. Rohwer, Tech. 
Bull. No. 3, Colorado Agric. College, p. 126. 

4 ‘Accuracy of Stream Measurements,’”’ by E. C. Murphy, Water 
Supply and Irrigation Paper No. 56, 1901, No. 95, 1903, U. S. Geo- 
logical Survey. 

“Meter Ratings With Various Suspension Arrangements” and 
“The Rating and Use of Current Meters,” by C. Rohwer, Tech 
Bull. No. 3. Colorado Agric. College, pp. 127 and 128. 
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Fig. 2 Hasxeri Current MretEer 


Fic. 3 Horr Current METER 
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(d) Ratings at tangent stations have generally been consid- 
ered to be more reliable than ratings made at rotary stations. 
However, there is generally good agreement between the results 
obtained at tangent and rotary stations, although a small differ- 
ence in rotation of the meter has been observed at some rotary 
stations.® 


Stint-WaterR Ratina Vs. PERFORMANCE IN FLOWING WATER 


The streamline filaments encountered by a 


current meter 


5 Discussion by Charles M. Allen, Proc. Engrg. Soc. of Western 
Pa., vol. 30, 1914-1915, pp. 401-402. 

“The Rating and Use of Current Meters,’ by C. Rohwer, Tech. 
Bull. No. 3, Colorado Agric. College, pp. 128-130. 


when towed through quiet water are obviously quite different 
from the more or less perturbed movements of water that strike 
the rotating element of a meter when held stationary in a flowing 
stream where parallel filaments of flow seldom are seen and cross 
currents, vortices, and eddies are frequently encountered. 

A few attempts have been made to discover the difference be- 
tween still-water ratings and performance in flowing water by 
towing the meter with and against a steady current. At ordinary 
velocities the still-water rating has given no different result from 
that obtained in mildly flowing water. However, to date, these 
tests have been made only in well-behaved water with only a 
mild current, hence the only conclusion that may safely be drawn 
is that still-water ratings should give satisfactory indication of 
meter performance when ideal conditions of flow are encountered. 
Towing experiments of this type in streams with higher velocity 
and greater turbulence are needed to check the results obtained 
by analytical methods. 


Errecr or TURBULENCE 


When a current meter operates in a turbulent stream, the ac- 
tion of the water upon the propeller differs from the action of the 
streamline flow encountered in rating, in that 


(a) The velocity of successive portions of the stream coming 
in contact with the propeller may vary rapidly in mag- 
nitude 

(b) The distribution of the filaments of velocity over the 
plane of the propeller may not be uniform 

(c) The water frequently strikes the rotating element at an 
oblique angle 

(d) The obliquity of the current coming in contact with the 
propeller may vary rapidly in direction. 


Error Due To Inertia or Roratinc ELEMENT 


The error in registration due to failure of the meter to respond 
to rapid changes in water velocity has been studied both by os- 
cillating the meters in an upstream and downstream direction 
while being towed in still water and also by producing similar 
oscillations while measuring the velocity of flowing water. Under 
the influence of rapid variations in the velocity of the flowing 
water, experiments have indicated that all types of meters give 
satisfactory performance unless the velocity is exceedingly low, 
or unless upstream velocities are encountered. The meters 
with light aluminum or rubber propellers give no better perform- 
ance in this respect than those with rotating elements made of 
brass or copper.’ In this connection it is interesting to note that 
the Robinson cup anemometer over-registers in gusty winds of 
variable speed. 


Errect oF OBLIQUE CURRENTS 


The effect of oblique currents on various types of meters has 
been studied by towing meters in still water with the meter axis 
inclined at various horizontal and vertical angles, by holding the 


‘Uber die Umlaufbewegung der hydrometrischen Fliigel,” by 
Hajos, 1902. 

“The Rating and Use of Current Meters,” by C. Rohwer, Tech. 
Bull. No. 3, Colorado Agric. College, pp. 56 and 57. 

7 “Characteristics of Cup and Screw Meters,” by B. F. Groat, 
Trans. A.8.C.E., vol. 76, 1913, pp. 819-840 and 852-870. 

“Chemi-Hydrometry and Its Application to the Precise Testing 
of Hydroelectric Generators,” by B. F. Groat, Trans. A.S.C.E., 
vol. 80, 1916, pp. 1231-1271. 

“Effect of Turbulence on the Registration of Current Meters,’’ by 
David L. Yarnell and Floyd A. Nagler, Trans. A.S.C.E., vol. 95, 
1931, pp. 780-784. 

*“The Effect of Inertia on the Motion of an Anemometer Cup 
Wheel Exposed to a Wind of Variable Speed,” by G. Grimminger, 
Bull. Amer. Meteorological Soc., June-July, 1933, pp. 161-164. 
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meters stationary in a steady current with the meter axis turned 
at various angles to the direction of flow, and by oscillating the 
meter laterally or vertically while towing it in still water.?°1! The 
results of all such experiments are in fair agreement, and appar- 
ently the effect of oblique currents upon the registration of vari- 
ous types of meters can be determined with satisfactory precision. 
The following significant facts have been determined from these 
tests: 

(a) Screw meters under-register the forward component of 
oblique lateral currents while cup meters over-register. How- 
ever, at small angles some older types of screw meters have been 
known to over-register, slightly, while some newer types have 
practically perfect characteristics. 

(b) Oblique vertical currents are also under-registered by screw 
meters, while cup meters may slightly under- or over-register the 
forward component of these same currents, depending somewhat 
upon the type of cup meter and whether the current is upward 
or downward. 

(c) The interference of the meter frame is such that the regis- 
tration of the forward component of an oblique current varies 
slightly, depending upon whether the current approaches the 
meter from right or left and from above or below. 

(d) All meters show a slight variation in the percentage of 
over- or under-registration of the forward component of oblique 
currents of a given angle depending upon its velocity. 

(e) The Haskell and Hoff meters under-register ordinary ob- 


' lique currents to a greater extent than the Price meter over-regis- 


ters these same currents. 

(f) The best characteristics are shown by the Ott meter. If 
the obliquity does not exceed 20 deg its effect upon the registra- 
tion of the better designs is negligible. 


i 


OTHER Errects OF TURBULENCE 


Very few published data are available upon the effect of non- 
uniform velocity distribution over the plane of the propeller and 
rapid changes in direction and obliquity of the stream filaments. 
Although there are records of many flow measurements by cur- 
rent meter compared with other standard methods, the results 
cannot be considered conclusive since the technique of using 
the meter and the other standard method may have entirely 
obliterated the deviation in meter characteristics due to tur- 
bulence. 

Perhaps the Iowa tests,!2 in which various meters were held 
at fixed points in violently turbulent streams, are most significant 


®* “On the Current Meter, Etc.,” by F. P. Stearns, Trans. A.S.C.E., 
vol. 12, 1883, pp. 301-338. 

“An Investigation of the Use and Rating of the Current Meter,” 
by C. P. Rumpf, Engineering News, vol. 71, 1914, pp. 1083-1084. 

) “The Measurement of the Velocity of Flowing Water,” by L. F. 
Moody, Proc. Eng. Soc. of Western Pa., vol. 30, 1914-1915, pp. 
320-322. 

“Behavior of Cup Meters Under Conditions Not Covered by 
Standard Ratings,” by F. C. Scobey, Jour. Agric. Research, May 25, 
1914, pp. 77-83. 

“The Rating and Use of Current Meters,’’ by C. Rohwer, Tech. 
Bull. No. 3, Colorado Agric. College, pp. 35-51. 

10 Discussion by E. H. Brown and Floyd A. Nagler, Proc. Eng. Soe. 
of Western Pa., vol. 30, 1914-1915, pp. 415-424. 

“Effect of Turbulence on the Registration of Current Meters,’’ by 
David L. Yarnell and Floyd A. Nagler, Trans. A.S.C.E., vol. 95, 
1931, pp. 784-791. 

11 “Characteristics of Cup and Screw Meters,” by B. F. Groat, 
Trans. A.S.C.E., vol. 86, 1913, pp. 819-840 and 852-870. 

“Pitot Tube Forniulas, Facts and Fallacies,” by B. F. Groat, 
Proc. Eng. Soc. of Western Pa., vol. 30, 1914-1915, pp. 351-366. 

“Chemi-Hydrometry, Etc.,’’ by B. F. Groat, Trans. A.S.C.E., 
vol. 80, 1916, pp. 1231-1271. 

12 “Effect of Turbulence on the Registration of Current Meters,” 
by David L. Yarnell and Floyd A. Nagler, Trans. A.S.C.E., vol. 95, 
1931, pp. 770-780. 
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in that the various meters arranged themselves in exactly the 
same order in degree of over- and under-registration as that 
determined by test of these same meters in smoothly oblique 
flow. This fact tends to support the present practice of precise 
measurements in turbulent water where the amount of absolute 
error in measuring the forward component of velocity is deter- 
mined by measuring this velocity with two meters of different 
under- or over-rating characteristics. The difference in regis- 
tration applied to the “oblique characteristic curve’ indicates 
the absolute error of the meter giving the better performance. 
Hence, this average obliquity is assumed to represent a rather 
obscure measure of the degree of turbulence. 


Usr or Current METER 


As a metering instrument, all that is expected of the ideal cur- 
rent meter is that it register the true forward component of ve- 
locity of only that filament of the stream encountering the pro- 
peller. Whether this instrument or any other instrument that 
indicates only the velocity at a single point in the cross-section 
of a stream can be used to obtain a precise measurement of the 
flow of a stream, raises a question which is entirely independent 
of the considerations that have thus far been given to meter 
characteristics. The current meter can be used to scan the ir- 
regularities in velocity across the section of a stream, but the 
precise measurement of flow demands that this scanning be 
thoroughly done and that there be no doubt as to the exact cross- 
section of flow. 


IpEAL SECTION 


In addition to a section free from turbulence so that the meter 
performance will be beyond question, the ideal location for a 
precise current-meter measurement should (a) insure reliable 
scanning by the maintenance of steady flow, with the minimum 
amount of irregular variations in velocity throughout the sec- 
tion; (6) furthermore, in order to accurately measure the area 
of the cross-section, the metering section should be fixed and 
regular. It is ridiculous to expect to obtain a precise measure- 
ment of flow where the bed of the stream is rocky and irregular 
or soft and movable. Unfortunately, ideal sections seldom 
exist, and the degree of precision attained in a measurement can 
always be gaged by the extent to which the ideal section is real- 
ized. 


Strapy FLow 


Water generally moves in pulsations and waves. Flow cannot 
be measured precisely with current meters when the pulsations 
are large in magnitude, or when the rate of discharge is changing 
rapidly. Increase in the number of meters and period of obser- 
vation may reduce errors in certain cases of unsteady flow. 

Expanding cross-sections must be avoided. Due to the steady- 
ing influence of contracting channels, sections located where flow 
is accelerating often give better measuring conditions than chan- 
nels with a uniform cross-section. 

Excellent metering conditions were encountered in a vertical 
section through the nappe of water discharging at a depth of 
eleven feet over the Keokuk spillway.1* Meter readings could 
be duplicated to the tenth of a second at any given point. The 
accelerating water was absolutely steady, and lacked the pulsa- 
tions in velocity commonly encountered in most measurements. 
Converging irrigation flumes have also been found by Rohwer 
to furnish the best conditions for current-meter measurements. '4 


13 ‘Experiments on Discharge Over Spillways and Models, Keokuk 
Dam,” by Floyd A. Nagler and A. Davis, Trans. A.S.C.E., vol. 94, 
1930, pp. 777-844. 

14“'The Rating and Use of Current Meters,’ by C. Rohwer, 
Tech. Bull. No. 3, Colorado Agric. College, pp. 120-122. 
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Fig. 6 Ve.ocitims In Open WHEEL Pit, 10 Fr Upstream FROM 
TURBINE 
(Velocity contours in ft per sec; discharge = 344 cfs.) 
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Fie. 7 Veuocitrss In Tartracn, 10 Fr Downstream From 
OutLeT or E.pow Drart Tusp 
(Velocity contours in ft per sec; discharge = 330 cfs.) 
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Fie. 8 DiscHarce MEASUREMENT BY CURRENT Murer AT SECTION 
2 Fr DownstrbaAM From TrasH Racks Wir INTERFERENCE BY 
Supprortine BEeAMs AND Posts 
(Velocity contours in ft per sec; discharge = 241 cfs.) 


Unstable conditions of flow must also be avoided. In an other- 
wise good metering section a complete turnover in velocity dis- 
tribution has been experienced during a measurement. Hither 
distribution shown in Fig. 6 could be secured, depending upon 
whether the condition was approached with increasing or decreas- 


ing flow. Such changes in flow distribution, if near the water 
turbine, are not without effect upon the turbine efficiency. 


Type oF SecTION GENERALLY ENCOUNTERED IN WATER-POWER 
DEVELOPMENTS 


Unfortunately, ideal current-meter sections are seldom pro- 
vided in the construction of water-power plants. In this country, 
current meters have been used mainly to measure the discharge 
of low-head plants with open-flume settings where the current 
meter has generally offered the only means of more or less pre- 
cise measurement. Draft-tube design has not yet reached the 
plane where flow conditions in short tailraces are at all adequate 
for the precise measurement of flow. The distortion of contours 
in Fig. 7 is only a mild indication of the actual disturbances in 
the tailrace. 

Generally, the flow is metered upstream from the water tur- 
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Fig. 9 DiscHarce M®pasuREMENT BY CURRENT MuTeErR IN INTAKE 
Fiump DownsTREAM FRom TRASH Racks 
(Velocity contours in ft per sec; discharge = 72.8 cfs.) 
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Fie. 10 DiscHarge MBASUREMENT BY CURRENT METER AT SECTION 
7 Fr DownstreAM From TrRasH Racks 
(Velocity contours in ft per sec; discharge = 190.5 cfs.) 
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Fie, 11 DiscHarae MEASUREMENT BY CURRENT MmTmR AT SECTION 
IN Approach FLuME To VacuuM SETTING 
(Velocity contours in ft per sec; discharge = 597.3 cfs.) 


HYDRAULICS 


HYD-57-1 63 


Max Clearance foral/ 
Meters when moving 
Vertically cee ae 


Side Elevation 


Front Elevation 


Fig. 12 Current-Merrer Hoist 


bine in the headrace or intake flume. The opening at the head 
gate or stop log groove has usually been chosen as the best avail- 
able section, although dead water and turbulence caused by con- 
tractions around curtain walls, pier noses, trash racks and their 
supports often introduce complications into the metering section. 
Sometimes these may be eliminated at slight expense by the con- 
struction of false guide walls. As many meters as desired may 
be mounted on a frame using the slots for guides to lower and hold 
the meters in the gaging section. If available, a gaging section 
upstream in the headrace generally is preferred to metering in 
the power house or too near the unit itself. 

Fig. 8 shows the type of velocity distortion obtained when op- 
erating downstream from and adjacent to interfering posts and 
rack supports. It is generally impractical to scan the velocities 
in a section of this type with great accuracy. Sections located 
a greater distance downstream from the trash racks give better, 
although not ideal, metering conditions as shown in Figs. 9 and 
10. The distribution shown in Fig. 11 was almost ideal. 


SUSPENSION oF Mrrers 


If the variation in velocities across the metering section is to 
be determined by measuring the velocities at a limited number 
of points, the place at which the meter is operated must be ex- 
actly known. Thus, suspension of the meter by cable is in gen- 
eral eliminated as a feasible procedure in precise measurements 
of flow. Usually suspension from rods will insure the required 
accuracy in location, although it may be necessary to support 
the rods from a rigid frame, by stay wires, or a specially designed 
hoist similar to that shown in Fig. 12. 
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Watpr-Surracn Conrours IN CHANNEL AROUND PIbR 
(Test No 2; discharge 24.1 cfs.) 
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When rigidly supported by 
a rod, meters have generally 
been found to rotate faster than 
with cable suspension. Hence, 
they should be rated with this 
Channel Bolom same type of support. 

When steady oblique cur- 
rents of high velocity are en- 
countered, it may be advisable 
to allow the meter to swing in 
line with the filaments of flow 
making an accurate measure- 
ment of the angle, rather than 
attempting to operate the meter 
cross-wise with the current. 

The obstruction offered by 
the supporting rods or frame 
may tend to retard or some- 
times even accelerate the rota- 
tion of the meter, depending 
upon the location of the meter 
with respect to the obstruction. 
A picture of the alteration in 
current velocities adjacent to a 
14-in. obstruction in a 10-foot 
channel is shown in Figs. 13 
and 14. Current velocities are 
decreased immediately ahead 
of the obstruction, but not for 
a great distance, and there is 
considerable acceleration of the 
filaments of flow curving around 
the obstruction. The possible 
effect of objects near the meter 
is so questionable that meters 
should always be rated in the 
manner used in the field. 
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NuMBER AND DISTRIBUTION OF 
Measurina Points 


One may compute by formula 
the number of points required 
to adequately scan the ecross- 
section of a stream,!® but con- 
sideration must always be given 
to the configuration of the ve- 
locity diagram. Measurements 
using only one point located 
at */1o depth, two points in a 
vertical at #/y9 and 8/1) depth 
or three points in a vertical at 
2/10, ®/10, and 8/1) depth are not 
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16 Swiss standard for water 
measurements gives n = 4.3 to 
7.65 X ./A, where A is the area 
in sq ft and n the number of mea- 
suring points. 
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Fie. 14 (Lerr) Vextocrry Dis- 
TRIBUTION IN CHANNEL AROUND 
Pizr—Test No. 2 
(Single pier in center of channel; 
width = 1.17 ft, length = 4.67 ft; 
square eee ae tail yonenee at 

sta. 2.63 and tail at 7.30; discharge 

are oe Bonorm past pier measured by sharp-crested 

weir = 24.1 cfs; contours plotted at 
0.5 ft per sec interval.) 
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adequate for precise measurements. In order to reproduce a 
curved velocity surface by observations at a limited number of 
points, measurements must be madeat a sufficientnumber of points 
to define the velocity surface throughout the entire cross-section. 


HYD-57-1 65 


the tiny meter shown in Fig. 18. The friction in this meter has 
been reduced to the extent that a “straight line” velocity rela- 
tion is obtained for current velocities as low as one-tenth of a foot 
per second. 


Numser or Mrrers 


The simultaneous use of one meter for each 
vertical traverse is generally the maximum prac- 


tical desideratum. If only one or a few meters 
are available, the measurement consumes more 


time and for precision requires steadier flow. 
Where conditions are stable, one meter may be 


Lept) Feet 


Wid thi — feet 


permanently installed at a single point as an in- 
dex to general flow conditions, but the record of 
an index meter does not constitute a precise mea- 
surement of flow. 


Fieg.15 Discuarce MnasureMENT BY CurRENT Meter At Section 5 Fr AHBAD 


or TrasH Racks 
(Velocity contours in ft per sec; discharge = 807 cfs.) 


Hence, measuring points should be distributed so that they are 
more numerous where the curvature in the velocity surface is 
greatest. Thus, a closer spacing of the verticals and points on 
the vertical is generally required as one approaches the periphery 
of the cross-section. An irregular distribution of vertical trav- 
erses to meet a distorted condition of flow is shown in Fig. 15. 
In some instances it has been necessary to use a shrouded meter 
similar to the Ott meter shown in Fig. 16, or build a special guard 
around the meter to protect the propeller against injury in sec- 
tions adjacent to the walls or bottom. The guard shown in Fig. 
17 caused a two per cent retardation of the meter, although no 
portion of the frame was within an inch of the propeller. 

The number of verticals is generally reduced to a minimum, 
consistent with accuracy. Reducing the number of verticals to 
one-half has been found to double the error, and further reduction 
to one-quarter has tripled the error. In any event, a preliminary 
exploration of the section is advisable to fix the meter traverses 


_ in their proper locations and to determine the number of points 


- > 


required for each traverse. Care should be exercised that there 
is no unbalance between the vertical and horizontal spacing of the 
measuring points. 

Small meters are preferred for use in small measuring sections. 
The United States Engineer Department while engaged in model 
research at the Iowa Institute of Hydraulic Research developed 


Fic. 16 Smartt Orr Current Merer—Typr X—WiIrTH CircuLar 
GUARD 


The mean velocity in a vertical traverse is gen- 
erally determined by plotting the velocity read- 
ings at the specific measuring points. How- 

ever, the average velocity is sometimes obtained by moving 
the meter at a constant speed through the vertical—thus obtain- 
ing a single “integrated” reading—or by both moving and stop- 


Fie. 17 Orr Current Merer—Typr [Va—Wirs Sprrecran Maran 
GUARD 


Fie. 18 Smart Meters ror LABORATORY SERVICE 


(Developed in 1931 at Iowa Institute of Hydraulic Research by United 
States Engineer Dept.) 


ping for a fixed period at predetermined equally spaced points, 
thus obtaining a single ‘‘semi-integrated”’ reading as well as ve- 
locity measurements at definite points from which the vertical 
velocity curve may be drawn. Mr. Strieff has suggested the 
use of the Tchebycheff formula for determining the proper loca- 
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tion of any number of points in the vertical, the arithmetic aver- 
age of which will give the true mean vertical velocity.1® All of 
these methods are designed primarily to save labor and time. 
They are not, however, fool proof against gross error, and to be 
used with confidence the measuring section must be a good one. 


MerasurRING TURBULENT FLOw 


The existence of turbulence greatly reduces the reliability of 
current-meter measurements. If the turbulence is mild, the 
better Ott meters may be trustworthy alone, although the cup 
meters are not. However, as already mentioned, the use of two 
types_of meters with different registration characteristics is ad- 
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Fie. 19 DiscHarGe MBASUREMENTS BY CURRENT Meter ror Two 
SrmiLar 74-In. TURBINES 
(Separate settings; metering sections reduced to head of 8 ft.) 


visable, since the differences between their registration may be 
used as an index to the amount of the correction to be applied to 
the more accurate of the two meters. 


CoMPARATIVE TESTS BY CURRENT METER AND OTHER METHODS 


Many tests have been made to establish the error or validity 
of current-meter measurements by the simultaneous measure- 
ment of the same flow by other methods. Although significant 
and interesting, the results are not always conclusive, since either 
the technique of using the current meter may be questioned or 
errors may be involved in the standard of comparison itself. 
Thus F. P. Stearns,!” in comparing current-meter measurements 
with a weir, found that the degree of agreement depended upon 
the use of the meter. 

Perhaps only those who have obtained good comparative re- 
sults with current meters have ventured to publish the fact. 
At least, engineering literature contains many verifications of the 
reliability of current-meter measurements. The following ex- 
tracts from a few may be worthy of note. 

E. C. Murphy"® concluded that the Price meter can be used 
under ideal conditions to measure discharge within 1 or 2 per 
cent, but bad use of the meter under abnormal conditions pro- 
duced departures of 40 per cent from the weir discharge. In a 
series of 50 measurements in the Cornell Laboratory Canal, mea- 
surements by Haskell and Price meters showed a maximum varia- 
tion of 4.8 per cent, but twenty of the tests showed differences of 
less than 1 per cent. 

W. B. Gregory’? obtained a maximum variation of 2 per cent 


16 Trans. A.S.C.E., vol. 95, 1931, pp. 859 and 860. 

W Thid., 1883, pp. 301-338. 

18 Water Supply and Irrigation Papers 47, 64, U. S. Geological 
Survey; also Trans. A.S.C.E., vol. 1902, pp. 370-391. 

” Trans. A.S.C.E., vol. 28, pp. 745-769. 


and an average variation of 0.1 per cent when compared with a 
pitot tube in measuring pump discharge. 

The current-meter measurements made at Massena by B. F. 
Groat”? agreed with the hydrochemical gagings with an error of 
less than 1 per cent. He concluded that results of a “remarkably 
high degree of precision can be obtained, even under very un- 
favorable hydraulic conditions, with meters of properly related 
types in conjunction with an intelligent statistical study of their 
performance.” 

Robert E. Horton*! states that the current meter has been a 
much abused instrument, and under suitable conditions it may 
quite certainly give results accurate within less than 1 per cent. 

In 1914, A. Strieff made measurements of flow with Ott 
current meters at the Croton, Michigan, power house all of which 
agreed with hydrochemical gagings within 1.3 per cent. 

F. C. Scobey measured discharge through wood-stave pipe?? 
simultaneously by color, weir and current meter, with differences 
varying from zero to 6 per cent. 

D. L. Yarnell made 102 comparative discharge measurements 
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Fie. 20 DiscHarce MEASUREMENTS BY CURRENT METER IN 
SpparaTe InTAKH FLuMES LEADING TO Two Simiuar 74-In. Tur- 
BINES AT Sections 6 Ft DownstTREAM FROM TRASH Racks 


(Velocity contours in ft per sec; both sections give identical discharge of 
362.5 cfs under head of 8 ft.) 


with pitot tube, weir and current meter during the period 1922— 
1924 at the University of Iowa Laboratory.?? From those tests 
he concluded that the current meter can be used with less error 
than the pitot tube, and with care the error may be reduced be- 
low 2 per cent. 

The recent comparative flow measurements of Carl Rohwer?4 
show the magnitude of the errors that might be anticipated with 
different methods of using the meter. It is unfortunate that 
most of the comparisons are based upon flow over an uneali- 
brated contracted weir and that the ‘‘multipoint method” was 
not properly applied. However, his conclusions agree with those 


2 Trans. A.S.C.E., 1916, p. 1233. 

21 [Tbid., 1916, p. 1283. 

22 Bull. 376, U. S. Dept. of Agric. 

23 ‘Comparison of Discharge Measurements by Weir, Pitot Tube, 
and Current Meter” (unpublished thesis). 

24 Tech. Bull. No. 3, Colorado Agric. College. 
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from other investigations, that reasonably accurate measurements 
can be made by the use of the current meter. 

Many European tests have confirmed the reliability of flow 
measurements by current meter mostly under, ideal conditions. 
Perhaps the experiments of O. Kirschmer and B. Esterer” are 
the most convincing. All measurements with the Ott current 
meter checked reliable volumetric measurements within a maxi- 
mum error of 1 per cent. 

Fig. 19 shows the results of flow measurements made by 
current meter on two similar 74-inch water turbines in different 
wheel pits, requiring the use of individual metering sections. 
The velocity contours for full gate at the two sections are shown 
in Fig. 20. The close agreement, which could hardly be im- 
proved upon by any other method of water measurement, cannot 
be the result of an accident. 


PRECISION IN WATER MEASUREMENTS 


Perhaps the word ‘“‘precise” as applied to water measurements 
is merely a relative term. As applied to a current-meter mea- 
surement, the measure of precision no doubt depends upon the 


; % Zeit. V.D.I., 1930, vol. 74, no. 44, p. 1499. 
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accuracy obtainable with other methods, all of which must ul- 
timately be gaged by the measurement of the actual volume or 
weight of water concerned. However, there are no scales and 
but few measuring basins large enough to hold the discharge 
commonly measured with meters. 

Even in the laboratory, errors of 1 and 2 per cent are commonly 
made by inexperienced engineers in so simple an experiment as 
checking a gravimetric measurement against a volumetric test. 
It is not surprising, therefore, to encounter greater errors than 
these in the inexperienced application of the more complicated 
methods of measurement of larger flows in the field, where the 
current meter has sometimes been selected as the last alternative 
where no other method can be applied. 

Under ideal conditions, the best current meters can be used to 
secure precise measurements of flow, dependable within 2 per 
cent, and if used intelligently in the hands of experts, the devia- 
tion from the true value should not exceed 1 per cent. If con- 
ditions are not ideal, the degree of precision with current meters 
may still be better than with any other known method, and the 
accuracy of the result will depend upon the extent to which the 
metering conditions depart from the ideal. 
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Report on Oil-Engine Power Cost for 1933 


cost of oil-engine power plants. Production cost in 

the meaning of this report is defined as consisting of 
the following items: fuel cost; lubrication cost; cost of 
attendance and superintendence; cost of supplies and mis- 
cellaneous; cost of engine and plant repairs. 

The report includes information from 156 oil-engine 
generating plants, containing 3898 engines, totaling 
216,010.5 rated bhp. The total net output for the 156 
plants in this report amounted to 259,209,519 kwhr. The 
coverage of this report as compared to that of previous 
reports is shown by the following tabulation: 


hee: report presents information on the production 


Year of report. 1929 19389 1931 1932 19383 
Number of plants 36 94 119 140 156 
No. of engines... 107 283 330 377 398 
Total rated bhp. 68,775 161,583 190,768 2138,910.5 216,010.5 
Total output, net 

Rwwhee Airs k «<fe 134,766,761 309,369,930 335,066,644 282,466,690 259,209,519 


The engines listed in the report are full-Diesel, vertical 
type and direct-connected to generators, unless otherwise 
noted in Table III. All Diesel plants listed are located in 
the United States. 

Plant Numbers. The system used in former reports of 
designating plants by numbers has been retained. Num- 
bers identifying plants previously reported correspond to 
the same plants in this report. 

Period Covered. All but two of the plants of this report 
submitted data for a period of exactly 12 months each. 
Of the two exceptions, one submitted for a period of 9.3 
months; the other for a period of 7.2 months. 

Bases for Costs and Performances. Unit costs referred 
to in this report were calculated on the basis of net kilo- 
watt-hours. The net kilowatt-hour output is found by 
subtracting the power used for plant auxiliaries and sta- 
tion lights from the total gross output of the plant. 

Figures given for power output per gallon of fuel oil 
and of lubricating oil were calculated on the basis of the 
gross output of the individual units and plants. 

Formulas defining running-engine-capacity factor, run- 
ning-plant-capacity factor, annual-plant-load factor, and 
plant-service factor are as follows: 
Running-engine-capacity factor, per cent 

____ Engine output in gross kwhr xX 100 
~ Kw rating <X number of hours operated 
Running-plant-capacity factor, per cent 
Plant output in gross kwhr x 100 
Total rated kwhr of individua! units 
Annual-plant-load factor, per cent 
Plant output in gross kwhr x 100 
Peak load in kw x number of hours in period 
Plant-service factor, per cent 
Total rated kwhr of individual units « 100 
Total installed kw <X number of hours in period 

The expression “rated kwhr” refers to the kilowatt 
rating of an engine-generator set multiplied by the num- 
ber of hours operated. For example, if a unit having a 
rating of 200 kw was operated 4000 hours, the rated 
kwhr equals 800,000, no matter what the actual output 
may have been. Thus the denominator of the expression 
for “Running-plant-capacity factor’ and likewise the 
numerator for the “Plant-service factor” are arrived at by 
totaling the rated kilowatt hours of all plant units. In 
this report, the kilowatt rating of an engine-generator 
set is considered equal to: Rated bhp X 0.746 x 0.9. 


In the strict sense of its definition, the annual-plant- 
load factor cannot be correctly applied to data covering 
any period other than one year. However, the committee 
extended the application of this to plants operated 8760 
hr. plus or minus 2 per cent, using the actual number 
of hours in the denominator in each case. 

The formula for “Plant-service factor” requires further 
explanation for special cases. The expression is an index 
of the actual number of hours of operation as compared 
with the total number of hours installed for operation. 
Therefore, when some units have been installed for longer 
periods than have others in the same plant, account must 
be taken of the fact in the calculation. For example, as- 
sume that a plant is reported for a twelve-month period, 
during which time one unit rated at 200 kw, installed 
before the start of the period, was operated 5000 hours. 
Six months after the start of the period, a unit rated at 
300 kw was installed, and subsequently operated 2500 
hours. The plant-service factor in per cent is therefore: 


200 x 5000 + 300 x 2500 
200 xX 8760 + 300 x 4880 


100 


Since the 300-kw unit was not installed during the 
entire 8760 hours, but only for 4380 hours, this adjustment 
must be made. 

Fuel and Lubricating-Oil Data. The lubricating-oil 
economies of 120 plants generating 95 per cent or more 
of their outputs by means of full-Diesel units are shown 
graphically in Fig. 1, in which the kwhr output per gallon 
of lubricating oil is plotted against running plant capacity 
factor. (Five of the full-Diesel plants did not report unit 
hours of operation, and running-capacity factor could 
not be calculated for these. One full-Diesel plant operated 
only a nominal length of time and did not require any 
lubricating oil. The amount of lubricating oil for one full- 
Diesel plant was not available.) Fuel-oil economies of 122 
full-Diesel plants are shown graphically in Fig. 2, in which 
the gross kwhr output per gallon of fuel oil is likewise 
plotted against the running-plant-capacity factor. (The 
same five plants which did not report units hours of 
operation are not included.) The values plotted in Fig. 2 
are not corrected for the heat content of the fuel or for 
altitude. The lubricating-oil and fuel-oil economies of 24 
plants generating more than 5 per cent of their output 
by means of semi-Diesel units are shown in Figs. 3 and 4, 
respectively. (Five plants generating more than 5 per 
cent of output by semi-Diesel units did not report unit 
hours of operation, and running-capacity factors could not 
be calculated for these.) 


The type of the plant was judged to be that of the 
engines generating 95 per cent or more of the gross out- 
put. The following types of plants are illustrated in Figs. 
1 to 4, inclusive: 


Diesel, four-stroke cycle, air injection 
Diesel, four-stroke cycle, mechanical injection 
Diesel, two-stroke cycle, air injection 


Diesel, two-stroke cycle, mechanical injection, sepa- 
rate scavenging 


‘Submitted by the Subcommittee on Oil-Engine Power Cost, 
Oil and Gas Power Division, A.S.M.E.; H. C. Major, chairman, 
Ak ea Public Utilities, Municipal Bldg., Rockville Center, 

Presented at the Seventh National Oil and Gas Power Meeting, 
State College, Pa., June 20-23, 1934, of Tum AMERICAN SocigTy oF 
MEcHANICAL ENGINEERS. 
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Fic. 1. LUBRICATING OIL ECONOMIES oF 120 FULL DigseL PLANTS, NoT INCLUDING 5 
FULL DIESEL PLANTS, RUNNING CAPACITY FACTORS FOR WHICH ARE NOT AVAILABLE, 
NOR ONE SUCH PLANT WHICH RAN A NOMINAL NUMBER OF HourRS AND REQUIRED NO 
NEw LUBRICATING OIL, NOR ONE FOR WHICH LUBRICATING OIL GALLONAGE Is NOT 
AVAILABLE 
(For Key to Plant Symbols see Fig. 2) 


Diesel, two-stroke cycle, mechanical injection, crank- Unless it is otherwise noted in Table III plants received 
case scavenging fuel oil in tank cars. 

Mixed-type full Diesel All fuel- and lubricating-oil costs include costs for the 

Mixed Diesel and semi-Diesel. handling of oil from the cars to the tanks. 

A median line was drawn on each chart, the number Cooling Water. The various water-cooling systems are 
of points above the line being equal to the number below. indicated by the following symbols: 
Highrand low boundary lines were drawn to include all but System A—Raw water going to waste after one pass 
10 per cent of the plants on the high and low sides, re- System B—Raw water recirculated after passing ovey 


spectively. cooling tower or spray pond 
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Fic. 2. FUEL ECONOMIES OF 122 FULL DIESEL PLANTS, NOT INCLUDING 5 FULL DIESEL 
PLANTS, RUNNING CAPACITY FACTORS FOR WHICH ARE NOT AVAILABLE 
(Not Corrected for Heat Content of Fuel nor for Altitude) 


System C—Soft water continuously recirculated, 
cooled by raw water going to waste after 
one pass through heat exchanger 

System D—Soft water continuously recirculated, 
cooled by raw water also recirculated after 
cooling by cooling tower or spray pond 

System E—Engine circulating water cooled by radi- 
ator and fan 


System F—Any of the foregoing systems with engine 
circulating water treated (added as a 
suffix) 

Enforced Shutdowns. The term “enforced shutdown” is 
defined as any stoppage caused by actual or imminent 
engine trouble. The duration of an enforced shutdown is 
the time elapsing from the shutdown of the engine to the 
time at which the engine is again ready for service. A 


|400 


= og) 


{000 


800 


is)) 
cy 
(2) 


400 


Gross Kw-hrs per Gal. of Lubricating O 


200; 


0 20 40 60 80 100 


Fics. 3 AND 4. 


Gross Kw-hrs per Gal. of Fuel Oil 


0 20 40 60 80 108 
Plant Running Capacity Factor in Per Cent 


FUEL AND LUBRICATING OIL ECONOMIES OF 24 PLANTS GENERATING 


More THAN 5 PER CENT OF OUTPUT BY SEMI-DIESEL UNITS, NOT INCLUDING 5 SUCH 
PLANTS, RUNNING CAPACITY FACTORS FOR WHICH ARE NOT AVAILABLE 


prearranged shutdown for maintenance work is not con- 
sidered an enforced shutdown. Regular maintenance time 
where listed is the total time put in on regular maintenance 
work whether or not the units were actually needed during 
the time. 

Peak Loads. The peak loads presented in the report 
are the highest average loads sustained for 15 minutes, 
unless otherwise stated in Table III. 

Repair Costs. All costs for repairs whether to engines 
only or to all other plant equipment, listed in Table I, 
include the cost of materials delivered at the plant in 
question and the cost of any extra labor employed for the 
purpose of making these repairs. Unless otherwise noted, 
however, these costs do not include any charges for work 
done by regular attendants. Correspondingly, unless other- 
wise noted, the costs given in Table I for attendance and 
superintendence have not been subject to deduction because 
of repair work done by the regular attendance crews. 

Attendance and Superintendence. Table III presents 
data on the number of shifts per year, the length of shifts 
and the number of attendants per shift, where these data 
are available. Table III also presents the net kwhr output 
per man hour of attendance for those plants operated by 
full-time attendance and also for those plants having 
part-time attendance, provided only one man out of at 
least four works part time. 

Supplies and Miscellaneous. Supplies in the meaning of 
this report include those items used in the power-generat- 
ing plant which are consumed in the operating process 
such as: waste, packing, wipers, gage glasses, gaskets, 
bolts, screws, nails, dynamo and motor brushes, cans for 
containing rags and waste, transformer oil and hand oil 
cans.» The term “miscellaneous” as used in this report 
refers to such items as expenditures for lighting, heating, 
cleaning systems, fire-protection systems, janitor’s sup- 


plies, ice water, meals and carfare, stationery, telephone 
and toilet service and care of streets, yards and sidings. 


Type of load, The terms used for type of load are defined 
as follows: 


Complete Power—Plant run regularly alone when 
needed, without assistance from any base or peak- 
load service 

Base Load—Plant run at substantially full load when- 
ever its capacity can be used; usually supplemented 
by a peak-load service. When full or nearly full 
‘capacity cannot be used, plant is shut down 

Peak Load—Plant run only when load exceeds capa- 
city of regular source of power 

Standby—Plant run only when regular source of 
power is interrupted. 

For this investigation, the committee requested informa. 
tion also on the type of power supplemented by base load, 
peak load, and standby plants. Information obtained in 
accordance with this request is presented in Table I. 

Total Production Costs. Total production costs for 154 
plants reporting for one year each (plus or minus one 
month) are shown graphically on logarithmic coordinates 
in Fig. 5. In this chart total production cost in mills per 
net kwhr is plotted against specific output, or the output 
in net kwhr per year per kw of installed capacity. 

Calculations. The committee was assisted in its work 
by Messrs. Robert T. Brown and F. E. Bunbery, Jr. 

SUBCOMMITTEE ON OIL-ENGINE Powmr Cost 
H. C. Major, Chairman Howard McCurdy 
M. J. Reed, Secretary A. B. Morgan 


L. R. Ford L. H. Morrison 
W. G. G. Godron Lee Schneitter 
K. M. Irwin P. H. Schweitzer 
Edgar J. Kates H. C. Thuerk 

H. C. Lenfest C. A. Trimmer 
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TABLE II—COMPARATIVE COSTS—1929, 1930, 1931, 1932 AND 1933 REPORTS (Page 1) 


i S% Costs per Net K.W. Hr.—MI.is 
5¢ = gs o te > 3 a 
s — os D as 1 = ° 
‘ 2 a8 Re 3 asi) é ee 23 & fp ae 38 2 
ise) o,: ao be rales ~ iS) a an Rg 3 a9 oO : 
to Ze S wom oO R=] Q pa Od es 4 er as q fe) 
Ae ‘, 3m boy || eae CE o 5 2 Ae, al Sake Saiz |<, Ae Zz 
& a3 ital Bu da | 23 | s/s = ‘ aA 28 os sa laste! as P +2 
y ¢ 2% 24 aa aa as) ola © He} ae 2s Be ane, |) Seis) Faas 8 | 
© og oD ao 338 ci) pms 3 2S 33 eye oa 6So | osgd| O88 3 & 
a a8 a8 <3 | 8O | ae | <00 | & A 4a | OF | Om | OOM JandO| AS ~ a 
1929 | 11,540 | 22,591,027 | ..... 69.9 Sg 4.25 3.82 0.69 Os60) hss Py cee oe Ie eee 1.04 6.15 | 1929 43 
1930 | 11,540 | 26,221,176 46.1 70.4 57.8 4.37 3.95 0.53 0.94 0.21 0.67 0.05 0.93 6.35 | 1930 
1931 | 11,540 | 29,849,848 52.5 73.2 65.7 3.78 3.51 0.47 0.70 0.28 0.63 0.29 1.20 5.88 | 1931 
1932 | 15,640 | 28,374,009 57.1 83.3 46.0 3.48 3.23 0.31 0.86 0.30 0.56 0.14 1.00 5.40 | 1932 
1933 | 15,640 | 27,434,541 55.1 74.3 45.1 3.39 2.88 0.23 0.77 0.09 0.75 0.23 1.07 4.95 | 1933 
1930 5,660 7,958,851 31.3 65.0 35.9 5.71 5.22 0.52 3.73 1.38 1.91 1.68 4.37 13.86 | 1930 82 
1931 5,660 8,778,880 33.2 69.0 39.1 5.13 4.93 0.45 2.94 0.92 1.96 1.22 4.10 12.42 | 1931 
1932 8,960 9,065,633 33.0 60.3 40.5 4.48 4.52 0.63 2.81 0.47 1.13 L587: 3.17 11.13 | 1932 
1933 8,960 9,014,095 34.0 63.2 30.0 4.24 3.94 0.47 2.74 0.87 1.37 1.45 3.69 10.84 | 1933 
1929 3,330 5,722,032 31.1 65.3 45.2 5.58 5.38 0.55 3.83 0.88 0.74 0.40 2.02 11.78 | 1929 52 
1930 4,580 7,257,703 33.5 75.2 45.4 5.70 5.30 0.38 2.83 0.74 0.56 0.48 1.78 10.29 | 1930 
1931 4,580 8,417,102 33.7 78.6 40.4 4.83 4.46 0.30 2.55 0.63 0.49 0.38 1.50 8.81 | 1931 
1932 7,445 9,110,000 36.3 78.1 43.8 4.41 3.97 0.27 2.35 0.52 0.35 0.14 1.01 7.60 | 1932 
1933 7,445 9,530,892 37.6 78.3 29.0 4.26 3.75 0.24 2.43 0.21 0.48 0.09 0.78 7.20 | 1933 
1930 5,000 8,016,000 37.9 64.0 44.4 1.30 1.34 0.31 2.62 0.01 0.10 0.01 0.12 4.39 | 1930 73 
1931 5,000 8,341,500 41.9 66.3 45.1 0.95 0.93 0.26 1,93 0.13 0.22 0.05 0.40 3.52 | 1931 
1932 5,000 8,030,200 42.0 66.4 43.4 1.22 1.26 0.29 2.01 0.16 0.16 0.02 0.34 3.90 | 1932 
1933 5,000 8,379,100 44.3 67.2 45.1 1.60 1.69 0.32 2.03 0.08 0.33 0.02 0.43 4.47 | 1933 
1929 4,250 7,442,350 36.8 72.5 43.6 5.23 5.04 0.09 1.65 0.06 aie ip iete 0.92 7.70 | 1929 45 
1930 4,250 6,908, 500 34.9 69.5 42.4 5.29 5.18 0.09 nei 0.04 1.01 0.10 1.15 8.20 | 1930 
1931 4,250 5,537 ,000 46.4 66.5 36.6 4.79 4.89 0.09 2.04 0.07 1.28 0.55 1.90 8.92 | 1931 
1932 4,250 5,015,575 42.3 62.1 35.8 3.87 4.07 0.11 2.05 0.05 1.33 0.32 1.70 7.93 | 1932 
1933 4,250 4,471,550 35.6 56.9 35.1 3.10 3.30 0.16 2.56 0.07 0.39 0.15 0.61 6.63 | 1933 
1932 2,475 4,105,401 37.6 mee earote 3.23 3.03 0.49 3.88 0.31 0.24 0.48 1.03 8.43 | 1932 | 111 
) 1933 3,675 4,543,778 39.1 63.2 37.6 3.45 3.29 0.41 3.27 0.44 0.25 0.35 1.04 8.01 | 1933 
1930 3,600 4,484,700 41.8 54.1 50.7 4.72 4.59 0.89 1.36 0.77 0.82 0.17 1.76 8.60 | 1930 | 130 
1931 3,600 4,168,750 42.4 67.0 31.4 4.19 3.93 0.56 1.58 0.71 1.96 0.18 2.85 8.92 | 1931 
1932 3,600 4,281,230 44.7 68.6 31.3 4.02 3.83 0 66 1.65 0.47 0.68 0.19 1.34 7.48 | 1932 
1933 3,600 4,919,360 43.7 67.8 36.5 4.27 4.27 0.69 1.50 0.43 0.37 0.10 0.90 7.36 | 1933 
1932 3,520 4,378,509 19.8 82.3 26.0 4.16 3.88 0.24 0.80 0.24 0.58 0.05 0.87 5.79 | 19382 | 157 
1933 3,520 2,122,944 10:7 83.6 12.5 4.48 4.07 0.31 1.56 0.32 0.32 0.02 0.66 6.60 | 1933 
1929 3,450 | 16,479,500 83.2 94.4 84.5 2.71 2.62 0.33 1.40 0.13 ses piste 0.47 4.82 | 1929 2 
1930 3,450 | 16,077,095 78.8 94.3 Lites 2.18 1.98 0.45 Lyle 0.09 1.56 0.09 1.74 5.31 | 1930 
1931 3,450 | 17,745,325 86.5 97.8 89.8 2.11 2.00 0.26 1.09 0.08 1.16 0.09 1.33 4.68 | 1931 
1932a| 3,450 8,839,511 a ae 97.8 91.2 2.33 2.22 0.24 1.03 0.10 Pak 0.08 1.29 4.78 | 1932a 
1933 3,450 4,980,440 24.6 97.3 25.7 1.92 LARK 0.15 1.82 0.11 0.36 0.04 0.51 4.24 | 1933 
1930 3,360 | 14,709,450 81.4 90.7 |} 72.7 3.66 2.91 0.31 1.38 0.16 1.12 0.19 1.47 6.07 | 1930 | 164 
1931 3,360 | 11,037,481 59.5 76.3 76.9 3.34 2.66 0.28 1.73 0.35 1.52 0.30 2.17 6.84 | 1931 
1932 3,360 | 12,838,281 ates 80.0 84.9 2.59 2.12 0.27 1.28 0.55 1.37 0.46 2.38 6.05 | 1932 
1933 3,360 | 13,289,000 aratese 87.0 80.1 4.01 3.15 0.29 1.32 0.24 1.80 0.60 2.64 7.41 | 1933 
1932 3,000 3,978,113 34.9 42.8 68.9 4.52 4.25 0.54 2.10 0.48 Seis ae 0.97 7.86 | 1932 77 
by} 1933 3,000 4,511,158 38.9 39.3 83.5 4.91 4.67 0.48 1.87 0.35 0.83 0.01 1.19 8.21 | 1933 
1930b) 1,800 885,399 PAT 48.1 16.3 5.53 6.33 1.26 3.78 0.88 0.60 0.11 1.59 12.96 | 1930b) 109 
; | 1931 2,925 1,858,860 San 54.1 30.3 5.60 6.29 1.25 2.32 0.27 0.80 0 1.07 10.93 | 1931 
Ff), 1932 2.925 959 , 606 8.9 49.2 11.5 5.69 6.85 0.64 5.01 0.24 0.75 0.10 1.09 13.59 | 1932 
/| 1933 2,925 931,425 9.5 47.9 1h lays 5.95 7.51 0.73 6.85 0.90 0.80 0.10 1.80 16.89 | 1933 
1929 1,830 3,231,938 36.0 64.8 53.2 5.77 5.31 0.36 3.06 1.34 Bets werd 3.98 12.71 | 1929 7 
1930 2,730 3,211,821 38.0 61.8 53.1 4.79 4.52 0.35 3.17 1.19 1.57 0. 3.07 11.11 | 1930 
1931 2,730 3,088,885 43.9 57.3 36.4 3.43 3.08 0.39 3.79 0.68 1.28 0.51 2.47 9.73 | 1931 
1932 2,730 3,105,742 42.5 57.9 36.3 3.27 2.78 0.25 3.29 0.42 0.96 0.39 Ry wf 8.09 | 1932 
| 1933 2,730 3,114,320 41.6 57.5 36.4 3.80 3.48 0.27 3.04 0.35 0.72 58 1.65 8.44 | 1933 
| | 1930 2,520 4,848,480 37.4 59.7 61.1 3.65 3.73 0.91 1.61 aiets aes piers 2.08 8.33 | 1930 | 732 
1931 2,520 2,632,385 25.0 49.1 44.1 2.82 3.68 1.14 2.19 0.59 1.33 0.77 2.69 9.70 | 1931 
1932 2,520 3,497,637 27.5 50.4 47.4 Sal? 3.27 0.73 2.09 0.57 2.48 0.37 3.42 9.51 | 1932 
1933 2,520 988,290 10.0 52.0 15.8 2.62 3.99 1,25 8.32 1.55 2.82 0.35 4.72 18.28 | 1933 
1931 2,520 2,247,295 S65 Sy ee 3.33 3.11 0.47 1.23 0.42 0.71 5.52 | 1931 | 978 
1932 2,520 2,223,852 14.4 87.6 17.5 3.57 3.11 0.27 1.41 0.35 0.74 5.53 | 1932 
1933 2,520 142,039 1.9 ieee 3.97 4.00 0.47 18.09 4.04 9.78 32.34 | 1933 
1930 2,400 1,658,900 24.1 37.0 33. 4.62 5.54 0.94 4.81 3.24 14.53 | 1930 60 
1931 2,400 | No reply to | inquirie]s for 19|31. 1931 
1932 2,400 1,015,200 13.7 24.8 32.3 4.69 7.48 0.73 5.22 0.60 2.76 16.19 | 1932 
1933 2,400 777,920 20.6 21.6 30.8 5.16 9.83 1.52 11.34 0.25 1.21 23.90 | 1933 
1932c} 2,400 592,781 rea, 3.68 3.19 0.22 1.99 0.57 0.60 6.00 | 1932c\1149 
1933 2,400 262,329 2.0 3.90 3.68 0.21 11.44 2.00 2.81 18.14 | 1933 
1929 2,370 3,798,810 39.6 recess Ast 5.51 5.43 0.48 4.11 0.24 0.22 0.07 0.53 10.55 | 1929 41 
1930 2,370 4,068,290 39.2 59.0 44.2 5.19 5.09 0.48 4.08 0.37 0.63 0.15 1.15 10.80 | 1930 
1931 2,370 4,092,730 39.4 67.3 44.2 4.57 4.48 0.51 3.85 0.25 0.24 0.13 0.62 9.46 | 1931 
1932 2,370 3,698,090 35.6 65.5 41.0 4.10 3.86 0.62 4.05 0.23 0.26 0.08 0.57 9.10 | 1932 
1933 2,370 3,279,790 31.7 59.7 40.0 4.37 4.45 0.66 4.44 0.39 0.17 0.39 0.95 10.50 | 1933 
i 1930 1,320 1,270,520 19.7 68.0 26.3 5.62 6.46 1.15 4.01 0.39 2.37 0.97 3.73 15.35 | 1930 | 723 
1931 2,370 1,556,510 en 73.3 Aad 4.21 4.23 0.95 3.56 0.53 0.86 0.70 2.09 10.83 | 1931 
1932 2,370 1,371,480 10.9 67.2 15.4 4.31 4.13 0.74 3.71 0.76 rr, ee 2.55 11.13 | 1932 
1933 2,370 1,349,830 10.2 73.8 13.7 4.41 4.24 0.53 4.59 0.72 uaa | 0.28 2.11 11.47 | 1933 
1930 2,170 3,184,025 42.6 67.3 38.8 3.33 3.12 0.46 4.13 0.08 0.49 0.31 0.88 8.59 | 1930 79 
1931 2,170 3,204,390 38.6 66.8 39.6 2.62 2.38 0.30 3.31 0.13 0.20 0.13 0.46 6.45 | 1931 
1932 2,170 3,280,357 39.3 66.4 40.6 2.49 2.21 0.45 3.53 0.11 0.23 0 0.34 6.53 | 1932 
1933 2,170 3,065,966 41.0 64.8 39.1 3.23 2.88 0.52 3.12 0.43 0.39 0 0.82 7.34 | 1933 
1929 2,160 319,120 3.7 Ss 4.15 5.45 1.77 11.61 3.56 17.99 36.82 | 1929 5 
1930 2,160 1,013,269 8.1 aD 4.04 4.86 1.25 5.56 1.14 8.17 19.84 | 1930 
1931 2,160 1,789,653 10.0 cy 3.33 3.86 0.80 2.15 0.79 2.18 8.99 | 1931 
1932 | °2,160 2,597,100 21.5 94.4 22.6 3.54 3.90 0.65 1.31 0.53 1.39 7.25 | 1932 
1933 2,160 834,039 7.0 ae 4.02 4.59 0.54 3.65 0.45 1.10 9.89 | 1933 


Plant No. 


215 


837 


722 


18 


88 


10 


154 


163 


886 


1929 
1930 
1931 
1932 
1933 


1931 
1932 
1933 


1930d 


1931 
1932 
1933 


1930 
1931 
1932 
1933 


1932 
1933 


1932 
1933 


1932 
1933 


1931 
1932 
1933 


1930 
1931 
1932 
1933 


1929 
1930 
1931 
1932 
1933 


1932 
1933 


1930 
1931 
1932 
1933 


1929 
1930 
1931 
1932 
1933 


1932 
1933 


1931 
1932 
1933 


1932 
1933 


1930 
1931 
1932 
1933 


1930 
1931 
1932 
1933 


1930 
1931 
1932 
1933 


1932 
1933 


1932 
1933 


1932 
1933 


1930 
1931 
1932 
1933 


1932 
1933 


BEEP? 


1,960 
1,960 
1,960 
1,960 


1,875 
1,875 
1,875 
1,875 


1,865 
1,865 


800 
1,800 


1,760 
1,760 


1,375 


TABLE II—COMPARATIVE COSTS—1928, 1930, 1931, 1932 AND 1933 REPORTS (Page 2) 


Total Net Out- 
put K.W. Hrs. 


1,318,898 
1,576, 234 
1,612,957 
1,720,413 
1,616,773 


3,336,860 
3,038,210 
3,347,210 


1,372,941 
1,568,700 
1,163,370 
1,163,860 


2,016,465 
2,101,374 
2.057 ,699 
1,920,591 


480,770 
186,791 


2,485,908 
3,689,473 


512,498 
317,690 


228,700 
217,147 
336,189 


796,450 
826,340 
896 , 220 
709,180 


2,351,123 
2,406,690 
2,406,609 
2,327,071 
2,112,805 


2,497,042 
2,470,900 


2,049,000 
1,876,410 
1,627,980 
1,511,411 


3,154,085 
3,058, 452 
3,000,700 
Intermittent 
2,057 ,220 


2,044,267 
2,433,000 


2,523,740 
2,528,017 
2,625,010 


1,101,905 
1,108,150 


1,980,400 
1,868,725 
1,675,057 
1,594,598 


1,571,594 
1,608.939 
1,521,613 
1,483,854 


5,125,835 
3,793,300 

127,335 
1,636, 205 


2,089, 869 
3,514,032 


1,050,715 
1,034,979 


2,168,250 
2,252,600 


1,976,000 
2,640,671 
3,324,653 
2,013,550 


889,868 
865,747 
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2.8 64.1 
57.1 69.6 
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31.6 52.1 
59.8 | 74.4 
37.5 57.8 
28.5 39.3 
34 40.7 
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TABLE II—COMPARATIVE COSTS—1929, 1930, 1931, 1932 AND 1933 REPORTS (Page 3) 


Ner K, W. Hr.—Mi11s 


per 


Capacity Factor 
Aver. Cost Fuel 


Oil—Cents 


Total Installed 
Total Net Out- 
Gallon 


put K.W. Hrs. 
Annual Plant 
Load Factor 
Running Plant 
Plant Service 
Fuel Cost 
Lub. Oil Cost 
Atten. Cost, 
Incl. Superint. 
Cost Supplies 
& Misc., Incl. 
Water 
Cost of En- 
gine Repairs 
Cost of All 
Other Plant 
Supply Re- 
pair & Misc. 
Total Pro- 
duction Cost 
Plant No. 


Total All 


1,169,971 
1,131,661 
1,259,958 
1,176,048 
1,153,244 


379,610 
109, 596 


1,611,876 
2,148,910 
2,207,300 
2,064,882 
1,946,839 


2,143,170 38.5 I, Bovis 
No Reply to] Inquiriles for 1/932. 
1,724,300 39.4 51.0 48. 


2,144,290 70.5 43. 
2,652,550 73.5 51. 


1,878,245 74.6 43. 
1,860,122 44, 


1,553,500 
1,609,550 
1,565,000 
1,430,450 


1,102,053 
1,086,909 


1928/30/] 4,867,305 
1931 1,906 , 347 
19329 1,507,615 
1933 2,239,317 


1932 1,561,470 
1933 1,563, 450 


1932h 1,464,600 
1933 1 1,460,200 


1932 725 , 222 
1933 734,445 


1932 , 534,790 
1933 , 648,088 
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TABLE II—COMPARATIVE COSTS—1929, 1930, 1931, 1932 AND 1933 REPORTS (Page 4) 


U =I 
iets eo 
3 éf Srl ge lee 
s an as | ae | 8 
‘i = (>) 
z 4 Ze aon | eel eee 
=] o 3st ais S45 | Fy WS 
3 s rie $3 St | Piao Mmreee 
Ay al AQ ae <4 (10) Au 
648 | 1931 800 1,180,517 32.1 80.9 Baler e 
1932 800 1,068,900 31.3 70.2 33.2 
1933 800 1,095,200 32.1 67.6 35.4 
112 | 1930 740 1,165,300 29.7 68.1 42.2 
1931 740 1,195,128 34.8 71.3 41.8 
1932 740 1,443,130 41.9 75.8 46.7 
1933 740 1,104,807 34.1 63.1 43.4 
67 | 1929 720 1,163,600 64.0 79.1 33.7 
1930 720 1,098,900 58.4 82.9 30.3 
1931 720 891, 200 48.5 82.3 25.6 
1932 720 810,190 44.0 81.5 23.4 
1933 720 832 ,067 45.3 83.8 23.4 
170 | 1930 720 860,110 19.5 64.7 32.7 
1931 720 835,219 22.4 64.5 31.6 
1932 720 675,376 17.4 58.2 28.5 
1933 720 780, 252 19.8 55.8 34.5 
527 | 1930d 720 673 , 300 eat 37.0 56.2 
1931 720 933 , 200 31.9 41.4 60.5 
1932 720 967 ,000 31.1 39.6 59.2 
1933 720 864,300 31.6 42.4 50.9 
718 | 1930d 720 604,312 Paetos 36.9 51.5 
1931 720 691,477 38.6 34.9 51.4 
1932 720 644,337 51.0 33.0 51.2 
1933 720 658, 898 41.7 33.5 51.3 
19 | 1929 700 603 , 260 29.8 ihe Ag 
1930 700 710,280 34.9 So0 oe 
1931 700 694,060 34.8 fA an ee 
1932 700 612,980 36.7 48.5 33.1 
1933 700 579 , 880 38.8 piste a 
529 | 1932 620 507 , 836 34.3 38.4 38.6 
1933 620 524,025 35.4 39.4 38.9 
32 | 1932 600 402,600 10.5 Vibe) 15.0 
1933 600 706,050 18.4 72.8 28.3 
61 | 1930 600 1,539,900 mate 62.3 79.6 
1931 600 1,555,200 38.7 68.4 64.7 
1932 600 1,380,330 37.9 64.3 60.7 
1933 600 1,188,400 32.7 56.2 63.4 
106 | 1929 600 750,419 meth a0 ae 
1930 600 1,435,434 35.6 Ac rie 
1931 600 1,504, 859 28.1 a6 BA 
1932 600 1,358,285 31.5 71.4 55.8 
1933 600 1,522,216 39.0 71.8 62.0 
1094 | 1931 600 678, 530 19.5 78.5 25.3 
1932 600 572,600 17.2 78.0 22.4 
1933 600 583 ,920 16.6 89.4 18.9 
1096 | 1931 600 726,486 20.8 74.0 29.3 
1932 600 708 , 626 19.7 69.9 29.3 
1933 600 716,299 20.4 69.8 29.8 
862 | 1930 588 627 , 820 25.3 47.7 39.7 
1931 588 640 , 360 25.7 46.9 41.7 
1932 588 609 , 820 31.2 47.9 38.6 
1933 588 609 ,080 33.3 44.9 42.1 
246 | 1930 540 364,500 28.8 is ahs 
1931 540 407 ,085 33.6 38.0 35.4 
1932 540 412,636 30.7 35.1 38.5 
1933 540 397 ,000 29.4 33.9 38.4 
540 | 1931 540 713,333 32.9 wells Bec 
1932 540 633,751 28.2 40.9 61.3 
1933 540 666 , 616 28.6 41.0 53.7 
772 | 1931 500 222,100 9.5 74.5 LOR: 
1932 500 142,730 6.2 73.7 hadl 
1933 500 103,495 3.8 73.8 5.0 
644 | 1932 600 846 ,916 40.4 59.8 43.1 
1933 600 840,958 39.4 59.5 43.5 
424 | 1932 480 586 ,935 36.1 41.8 50.9 
1933 480 621,800 34.5 47.0 50.2 
501 | 1930 480 403 ,022 32.5 40.6 37.5 
1931 480 452,970 37.3 39.3 42.6 
1932 480 421,162 33.4 37.9 41.7 
1933 480 397 , 167 35.3 36.5 40.4 
695 | 1932 450 423,414 29.2 47.6 34.6 
1933 450 440,760 31.6 48.8 35.3 
335 | 1932 430 490,130 38.9 37.1 53.4 
1933 430 479,720 36.9 36.5 53.2 
247 | 1930 390 428,290 28.9 as oo 
1931 390 480 , 204 25.1 44.6 47.1 
1932 390 485,760 24.7 54.2 39.2 
1933 390 486 , 820 24.9 43.4 49.1 
152 | 1932 360 | Net Generatjion Neglative in| 1933. 
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TABLE II—COMPARATIVE COSTS—1929, 1930, 1931, 1932 AND 1933 REPORTS (Page 5) 


af ke ae Costs per Net K. W. Hr.—MILis 
3 58 ~ a3 a & eS Pe) 8 
= 8 3 su | 83 5 : 
2 2M a3 | ae | 5 22 8 ee | 38 af | 43 a8 | ss 
Z Ze a3 wr | 3 oa 3 = O8 ae 4 | wa. (Ses £O 3 
By Sc 3H Se | @ni | O8al 8 } Mey Ggy«| Se che |S 55 na a 

; lan! = s fai 2s : ‘ re] az) pe | ae =e) 

Be feet) gs ee | Gees Biel s | 2 | fs | 228 | #2 | Bee (2858) $8 | 2 | 2 
> Bm BA 44 | @O | Be | 460] & a <3 | O8F | Om | OSH [endo] BS | & a 
19327 350 297,000 ABAD a at 4.15 5.02 2.18 11.84 0.82 0.10 0.03 0.95 19.99 | 1932¢| 187 
1933 350 301,279 25.8 32.9 46.7 3.82 4,23 2.00 10.64 0.43 0.15 0.05 0.64 17.51 | 1933 

q 1931 350 437 ,000 med SoS =e 5.00 6.69 0.65 6.86 0.51 0.17 0.69 1.37 15.57 | 1931 | 688 

Bh 1932 350 432,500 29.3 42.6 49.8 3.93 5.32 0.45 8.32 0.12 0.25 0.12 0.49 14.58 | 1932 

1933 350 400,000 29.4 41.8 47.8 4.82 7.14 0.69 6.86 0.97 0.41 0.19 1.57 16.26 | 1933 
1931 345 109,735 7.2 66.2 8.4 3.79 4.74 0.71 9.97 3.03 6.09 1.07 10.19 25.61 | 1931 774 

; 1932 345 77,122 5.1 72.6 5.5 3.58 3.31 1.03 6.57 3.52 1.36 2.97 7.85 18.76 | 1932 

1933 345 65,645 7.6 67.4 4.9 4.59 4.61 0.96 7.28 3.31 12.98 0.06 16.35 29.20 | 1933 
1930 330 307 , 163 44.3 e/a raed 3.39 5.91 2.06 11.50 1 bir 85) 1.22 0.84 3.81 23.28 | 1930 | 857 
1931 330 | No Reply to} Inquirijes for 1/931. 1931 
1932 330 379,380 eae 42.8 51.3 2.80 4.30 1.57 6.92 1.82 3.97 0.84 6.63 19.42 | 1932 

1933 330 369,378 42.8 40.8 51.9 3.25 5.36 tle zl 7.39 1.79 6.12 0.70 8.60 23.07 | 1933 
1930 180 184,000 en Saicio “G01 9.14 | 13.48 Lei 13.58 Teo 0.71 0 1.81 30.63 | 1930 | 265 
1931 320 216,000 ero TAS 37.0 Tet Qinte Lake SL 1.83 11.57 0.32 0.46 0.58 1.36 26.57 | 1931 

)) 1932 320 220,000 25.4 37.9 34.3 7.30 | 11.00 1.86 11.37 0.16 0.11 0.34 0.61 24.84 | 1932 
1933 320 257,000 26.0 39.6 35.2 7.35 9.59 1.41 11.67 0.19 0.70 0.14 1.03 23.70 | 1933 
1932k 320 204,875 este 29.6 | 100.0 4.50 5.79 1,49 8.30 0.46 0 0 0.46 16.04 | 1932k| 1055 

") 1933 320 421,352 33.1 28.4 97.5 4.32 7.27 0.47 11.29 0.54 0 0.05 0.59 19.62 | 1933 

- 1930 315 190,375 30.1 Sars Ache 4.93 9.00 2.42 12.68 0.77 6.68 30.78 | 1930 27 
1931 315 208,890 30.8 Bet 5 EP 4.06 7.72 1.52 10.58 0.95 C.29 27.16 | 1931 
1932 315 194,105 32.0 28.8 39.4 3.63 le 3.05 11.06 0.92 13.05 34.28 | 1932 

; 1933 315 186,510 31.0 ae an 4.14 7,29 2.13 10.88 0.77 5.93 26.23 | 1933 

\19311 300 86 , 887 20.5 37.4 3.35 3.62 0.82 4.47 0.43 0 0 0.43 9.34 | 19311} 382 
1932 300 99,300 21.2 28.4 3.48 4.76 0.66 5.08 0.42 0 0 0.42 10.92 | 1932 
1933 300 251,413 27.2 52.6 3.64 3.63 0.50 3.73 0.19 0.02 0 0.21 8.07 | 1983 
1930 180 123,538 23.0 AIOE ees 3.41 6.87 3.26 31.90 4.02 4.66 2.08 10.76 52.79 | 1930 858 
1931 180 | No Reply to/Inquirie|s for 1 |931. 1931 
1932 270 175,200 ate 26.7 49.7 2.82 6.46 2.78 17.45 3.31 1.54 0.43 5.28 31.97 | 1932 
1933 270 172,400 39.6 26.7 49.6 3.12 (ica lyg 3.13 16.40 3.81 6.85 1.00 11.66 38.36 | 1933 
1930 240 151,850 11.3 41.5 27.1 5.98 6.23 0.94 2.56 0.55 0.51 0 1.06 10.79 | 1930 169 
1931 240 184,360 13.7 42.5 31.9 5.56 6.23 0.89 Pasa ie | 0.87 4.39 0 5.26 14.49 | 1931 
1932 240 77,310 5.8 Pate 20.9 5.04 6.52 P25 3.84 0.85 atom 5 Aw 14.77 26.38 | 1932 
1933 240 79,570 6.0 28.8 20.70 4.50 6.34 1.13 4.52 0.98 9.72 21.71 | 1983 
1932 225 27,290 1.6 47.1 4.6 4.50 6.43 0.57 5.22 1.10 0) 0 1.10 13.32 | 1932 984 
1933 225 26,851 1.8 48.5 4.5 4.29 5.07 0.60 5.59 0.75 0.82 0.19 1.76 13.02 | 1933 

/ 1932 212.5 138,700 29.9 4.10 6.81 1.89 15.14 2.78 0.23 0.25 3.26 27.10 | 1932 318 
1933 212.5 139,730 26.6 3.69 6.81 2.37 13.43 2.00 0.34 1.20 3.54 26.15 | 1933 
1930 175 14,800 1.6 65.0 16: 4.82 5.54 2.91 8.92 2.91 0 0 2.91 20.28 | 1930 733 
1931 175 3,293 0.3 62.5 0.5 5.78 | 10.93 0.91 10.93 9.72 0 0 9.72 32.49 | 1931 

f 1932 175 1,788 0.2 62.1 0.3 3.00 7.92 1.96 18.18 34.30 0.56 20.43 55.29 83.35 | 1932 
1933 175 1,892 0.2 53.2 0.4 6.03 | 16.00 3.17 38.34 20.20 0 37.20 57.40 | 114.91 | 1933 
1930 120 15,893 3.8 13.7 7.0 7.00 | 12.65 3.15 | 147.25 11.26 0 0 11.26 | 174.31 | 1930 646 
1931 120 21,035 5.3 16.1 20.4 7.007) 16270 2.57 16.97 3.28 0 0 28 39.52 | 1931 
1932 120 5, 832 1.6 13.4 Yak) 5.37 | 18.82 5.70 27.14 0 0 0 0 51.66 | 1932 

1933 120 8,074 Ast LL 11,4 5.39 | 14.62 4.34 21.92 12.87 9.91 8.55 31.33 72.21 | 1933 


Plant 54 did not operate in 1933. 


- “Data for 1933 was not received: 
s ‘* did not submit sufficient Data for 1933: 


) S % made no reply to inquiries for 1933: 3-14-91-92-93-95-96-98-101-102-103-105-143-160-193-333-411-516-720-908-1016-1091. 
NOTES: 

a— 8.1 months d—10 months g—1l1 months k— 5 months 

b—13 months e— 6.7 months h—12.1 months l— 8 months 


c— 6 months 


Purchased Power of Dump Power Contract. 
)Tollowing Plants were used for Standby Power only in 1933: 735-736-738. 


132-451-626-863. 


161-532-1129-83. 


f—36 months t—12.8 months 


oe 
TABLE III—ENGINE DETAILS AND OPERATING INFORMATION (Page 1) 
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= (el\eleis| 4] 3 |38 Bo |S] § | yS 188] SE | 28/24] B2 | 5 2 8 : 3 Bz, 

a yale) o/s] 5 s 3a Selig 2 =| BE |e S135) 4: 2a ae 3) ae & $ ey 
Eel é| 2 [del 62 |a| & | 2s Be] es [sais] 25 | 22 | 2 28 s| 6. Sem 
SS r\’,]o1.8>eos..)1—0_.000—Noo™ 

43| 1] 4) A Avy 500 336) 3) 22 x29$|150 375 |1915 2,162]) 20.1°API No 21,456 138 | ¢ 

2) 4) A Te 500 336| 3} 22 x293)/150 375 |1916 s 3,232|| 75.5 SSF @ 77F No 34,720 190 }|1¢ 
3] 4) A De 620 349| 4) 19 x244)200 500 |1919 & 7,406 11768; eave Ash No 68,710 402 | § 
4| 4) A une 520 349] 4) 19 x244)2 500 |1920 7,114]| 0.05% No 65,930 279 | § 
5] 4) A CHa} 1,000 671] 6| 204x36 |150 925 |1922 19,514]> 19. 3% eye pees No 197,810 461 |1¢ 
6| 4, A CHa} 1,000 671} 6] 20}x36 |150 925 11925 6,975 after 4 hour No 57,210 156 | § 
7| 2) A CH | 3,750 | 2,517} 6} 30 x42 |124 | 3,750 |1928 826,012]! 1.91% hard asp No |10,024,400 |1,403 |12 
8] 2] A] B| CH | 3,750 2,517] 6| 30 x42 |124 | 3,750 |1929 CC °| 359,831 No] 4,650, 7006/1, 213b|12 
9| 21M} B] CH | 4,100 2,753] 6| 30 x42 |124 | 3,750 |1932 1,094,781 No |15, 674, 8004/1, 6100) 14 
Pijan|t 15,640 |10,499 14,850 2,327,027 30,795, 7365|1, 383/12 
§2] 1] 4] Al..| TP 360 242) 4| 16}x21 [225 312 |1921 11,992}) 33.7°API No 113,000 |1,313 | § 
2| 2) A| P| CH 750 504] 4) 17 x27 |180 740 1923 39, 826|| 40.5 SSU @ 100F No 336,030 |1,217 | § 
3] 2| Aj P|} CH 750 504) 4) 17 x27 |180 740 |1924 31, 237|| 0.38% S; 0.06% CC No 284,300 |1,316 | § 
4| 2| Al P| CH | 1,150 772| 6| 17 x27 |180 | 1,000 |1927 BC 102,266]} 0.004% Ash No 995,130 |1,542 | § 
5} 2} A] P} CH | 1,150 772| 6| 17 x27 |180 | 1,000 |1927 119,717|| BS&W—Trace No | 1,287,390 te 1 
6| 2| A| P} CH | 1,500 | 1,007] 8] 17 x27 |180 | 1,350 {1929 172,891 No | 1,899,600 1 
7| 2|M| B] TP | 3,300 | 2,216/10| 194x27 |240 | 2,960 |1932 : 3 359,547 No | 5,080, 100|1, $83 1 
Pljan|t 8,960 | 6,017 8,102 7,182 4) 825}1, 952) 3,282 837,476 9,995,550b/1, 3910} 11 
52| 1] 4) A CHa} 830 557] 4| 23 x32 |164 700 |1928 |3,508| 610} 329 0} 4,774 118,998]) 25.6° API No | 1,371,500 |2,250 | 11 
2) 4A CHa} 1,250 840| 6] 23 x32 |164 | 1,060 {1928 |4,379 970 | 598 0} 5,645 BC 243,557 ees 0.3% CC No | 2,880,600 |2,970 }11 
3) 4A CHa} 1,250 840] 6] 23 x32 |164 | 1,060 |1928 |2,360 698 } 322 0} 4,225 & 128,720} 0.6% BS&W; Ash—Trace | No} 1,500,700 |2,150 11 
4) 4, A CHa} 1,250 840} 6] 23 x32 |164 | 1,060 |1930 |2,900 730 397 0} 4,965 s 163, 760 No | 1,909,400 }2,615 |1! 
5] 4, A CHa} 2,865 | 1,924] 8) 29 x48 |120 | 2,500 |1933d |1,380) 823 | 395 0} 4,805 182,651 No | 2,287,600 |2,780 }1: 
Pllan|t 7,445 | 5,001 6,380 3,831 |2,041 0} 4,935 837, 686 9,949,800 |2,595 |1) 
73| 1| 2| A] P} CH | 1,250 840] 5] 203x26 |180 | 1,125 |1924 |2,247| 766] 175 0} 3,667 125,364 No | 1,272,500 |1,661 |1 
2| 2| Aj P|} CH | 1,250 840| 5) 20%x26 |180 | 1,125 |1926 |2,616 927 225 0} 3,528 CC 147,877|| 10-14° API No] 1,516,300 |1,636 |1 
3| 2| A] P} CH | 1,250 840| 5| 20x26 [180 | 1,125 |1928 5,181) 1,549 | 363 0) 4,181 & 280,072 No | 2,805,800 |1,811 | 1 
4| 2) A| P| CH | 1,250 840| 5] 20%x26 |180 | 1,125 |1928 |5,765| 1,525 | 367 0} 4,725 F 332, 239 No | 3,327,000 |2,182 |1 
Plian|t 5, 3,360 4,500 4,767 |1,1380 0} 4,145 885, 552 8,921,600 |1,872 | 1 
45| 1) 4) A TP. 600 403] 6| 16}x24 |200 500 |1923 49 PAM Gc allo saa 1,225 BC. 696]) 21.2° API; 65 SSU @ 122F ;| No 9,850 411 |1 
2) 4, A ihe 600 403) 6} 163x24 |200 500 |1923 148 44 tees lero 2,018 C&F 2,682 7.74% CC; 1.47% § No 24,475 556 | | 
3] 4, A CHa 750 504| 4} 23 x32 |150 625 {1923 |2,548 460 | 405)..... 4,154 60, 058 2.5% BS&W No 581,600 |1,262 | | 
4) 4, A CHa} 1,150 772| 6| 23 x32 |150 | 1,000 |1926 [4,677 682 yp) Bana 7,880 |\ BC 195, 146 No | 2,101,650 |3,080 }|1 
5] 4, A CHa} 1,150 772| 6| 23 x32 1150 | 1,000 |1926 |4,907| 665 | 553)..... 8,485 |f &C 216,707 No | 2,266,750 |3,408 |1 
Pllan|t 4,250 | 2,854 3,625 1875 G | erotclates| sere 6,960 475, 289 4,984,325 |2,658 |1 
111] 1] 4) A Tr, 675 453] 6) 17 x24 |225 B80. 1928) [4 QO Ue cen | ote nino fnieieverel| (a wicsereye.= 19.4° API No] 1,163,200 |...... c 
2) 4) A TP 900 604| 8} 17 x24 |225 770 $1928 |2,921).......J..--feeeeolewseees Lee | Eee Aye 3 No} 1,165,100 |...... q 
3] 4, A nas 900 604) 8} 17 x24 |225 770 =|1928 |3,026|....... foc en ae wnenlseconee Scodedee 1,167,600) })... 6.3 4 
4| 4|M TP | 1,200 806] 6) 20 x24 |277 | 1,040 |1932 |8,225).......].....]....-]...---- 1,640,000 |...... 
Pljan|t 3,675 | 2,467 3,160 433,188 
130] 1] 4; A TP 600 403] 6) 164x23 |225 513 145,990]) 16°—30° API 1,592,800 
2) 4, A TP 600 403] 8) 17 x24 |200 513 111,322|| 0.9%S 1,197,200 
3) 4, A TP | 1,200 806) 6} 20 x24 |300 | 1,062 108, 700 1,153,100 
4) 41 A TP | 1,200 806} 6] 20 x24 |300 | 1,062 124,930 1,295,300 
Pljan|t 3,600 2,418 3,150 490,942 5,238,400 
157] 1) 2) A] P| CH | 1,760 1,182] 8} 17 x28 |257 | 1,500 |1980 |1,109].......]...--[eeees|eeeeees re = 24°—26° API 1,068,500 |...... 
2| 2} A} P} CH } 1,760 | 1,182] 8} 17 x23 |257 | 1,500 |1930 |1,079].......]..--.J-+---|----00- 1,093,600 |...... 
Plian|t 3,520 2,364 3,000 | =|  £4| 1,268] 495)..... 192. oe 2,162, 100 
2| 1) 4) AJ..| TP | 1,150 772) 6| 23 x294/1663| 1,000 |1925 |2,266].......|..... 155, 699|) 27° ark 0 0% Get @ 100 F 1,690,240 |...... 
2) 4] AJ..) TP | 1,150 772) 6| 23 x29311664| 1,000 |1925 |2,261).......]...-- Sepoaen 151,270/} 0.5%8 1,690,240 |...... 
3} 4) AJ..| TP | 1,150 772| 6] 23 x293)166%| 1,000 |1925 |2,236).......]..... 151,598]) 0.04% ey oR crs Wagon 1,691,240 |... ... 
Plian|t 3,450 2,316 3,000 453, 567 Deliv. 5,071,720 
164] 1] 4)M|..| TP 840 564) 6] 193x24 |214 | 1,000 |1926 |7,244).......].-.--]eeeee|eeeeees 28° API; 42 SSU @ 100 F; 3,502,300 |...... : 
2) 4)Mj..| TP 840 564! 6} 193x24 |214 | 1,000 [1926 |7,217].......|.----[eeees]eee me 0.057% 8} 0 ee C; —« | No| 3,436,300 |...... 
3] 4|M]..] TP 840 564) 6) 194x24 |214 | 1,000 \1926 |7,574).......].-.--Jeeeee|ene an 0.00 W—nil | No| 3,802,200 |...... ‘ 
4| 4/M|..| TP | — 840 564| 6] 19x24 214 | 15000 1926 16,041|.......|...--Je-2.-|-..200- By oe Pe Line | No] 3,043,400 |...... 
Plian|t 3,360 | 2,256 4,000) Al 17,0604) <0. 
25.2° API; 50 By e 100F; 
77| 1} 2|M| B} TP | 3,000 2,014/10) 193x27 |240 | 2,812 428,744]; 0.4% S; 3. 25% 
Oa %%¢ hake 09604 BSW 
109} 1] 2} A] P|} CH 675 453) 4) 162x22 |240 500 ET ee Wee cadoas 454,580 
2) 2| A] P|} TP | 1,125 755) 8] 143x21 |257 975 635} 212] Wl; OO] 3,370 |p CU |... eee 24°—26° API; 0.5% 5S 231,650 
3} 2| A] P| TPa} 1,125 755| 8) 14$x21 |257 975 {19381 | 666) 279 | 172) YU 2,080 )}) |......... 273,730 
Pllan|t 2,925 | 1,963 2,450 117,502 959,960 
7| 1| 4|M]..]| TP 350 235) 6) 113x16 |277 STB 11G25% Le BOOl yeti creme | cee eats] nie eect nnn | eroretatctaretits 86°—40° API; -—S—=S|:' Yes} «=: 268, 900 |...... 
2| 4|M/..| TP 350 235) 6) 114x16 |277 876 \\1926; O60 [lec cel atucinel reese istccemetal ty eee mM cles ccclerd 44.48SU @ 100 Fy; * } Yes!) 210,600) |\o.cacam 
3] 4{M]..| TP 350 235) 6) 113x16 |277 STB NIOQBe DIG ier ee ife cetera | Wiaraleret crocs srerers| ip As Caml ccotelotes efoie'e 0.23% §; 0. S167 cc; ccaisoedi 
4| 41M]..| TP 750 504) 6) 16 x22 |240 760, 11927) JSaZ47Sectetca dates |eie ciel osctesisreth 9 il'foimteislnisinte 0.012% Ash; 13% BS&W | Yes} 940,800 ]......| 
5] 4|M]..| TP 930 624] 6) 18 x22 |257 750° 11980.) 14 G84) oeneccleemealeccaalodeowlf | Mlawisteata cage a Ne ie Lo eLRUCOOI IL tee OU nn iawn 
Pllan|t 2,730 | 1,833 25625 fe e2 800) ene A 284,995 3,359,900 
732| 1] 4) A Te 250 168} 4| 13$x174]257 200 CARE onc laces SOUend Gabncc 
2) 4) A TP 250 168) 4) 133x17}}257 200 {1916 | 685].......].--eefeeeee|onees ' 
3] 4, A Te 520 349) 4) 193x244 an 400 ya Ui Fs es el loOoacl lor drial earcrac 
4) 4, A Te 750 504| 4) 238 x32 |150 625 [1923 |1,600).......].-seefesees|oeeeees 
5] 4) A TP 750 504] 4) 23 x32 1150 625 [htt ages acilobiancl Stocea lorvbees 
Plian|t 2,520 | 1,693 9050) eet ihe 407 cree esietels 1,222,560 
978} 1) 2)M/ P| TP 840 564] 6) 16 x20 |257 itt ea ee) eee) a Ee eo nan al larmmote) (sc aridcl Maeaancan 
2] 2)M| P| TP 840 564) 6) 16 x20 |257 JOO. JAGST [SRT yc areee teastass | coterniys | aie hiscaie all ata eetatete vers 
ES 2|M| P| TP 840 564) 6) 16 x20 |257 JOO NIOBL We cel he wren e cetee lero sates] fe » winrar et aretaterwiy elf ofecoherniavarer 
nD 


184,300 


679| 1) 2] Al P| CH | 1,250 840] 5} 203x26 |180 | 1,065 |1925 |1,053] 707] 66)..... : sport 3e su C API 
2) A P| CH | 1,250 840} 5] 203x26 |180 | 1,065 964] 696] 38]..... 1,738 5.778 75 SSU @ 100F 
nig) fe APS BOO. PL 680) esse all SES et al eee SOG nes sisal ’ 6, 2' 


TABLE IJI—ENGINE DETAILS AND OPERATING INFORMATION (Page 1, Continued) 


Loapine S Z Fi 5 r MAINTENANCE AND REPAIRS ATTENDANCE 
o « x4 
eB y S | 
z ie | ate 2|8.|2 als 5 ap is Beley = 5 
2/5 |e less B | ee | Su lSsig | of £82 (8 e |Eelgee| |. | all {3 
S| 3. |e s|241s| g | 28] £hls elke ie a<8 18 eB fehisse| Sis | sis ls 
rom SS el"e = Be| ge | a\Rs ES 209 23 2 S Ie |ifEn] = ls 218 2 
4 \6q| 20 SelsSe] 2] B | eT] et ecig2| See | Set fea Ew a legal) © (2 | 2|2 |« 
BSS] EM laciseicl e| 2 | gL) ellesies| 344 se, i283) S28 % leslesg] 2 |8 | 8) 2e|4 
im I As gies rei pes & g8| ss l/Eslea BS oes o 52 ent § 1S3\o8.8| 3 lo coals ® 
bes © |e2ie sia] s s Cee Whereas oo na tal 8253 —& (sBiges 2 |e e | a 
EFS) 39 Excel] | 2 | Se | ce \Ssieg|_ oF Ses jee) sacs E alee see) 2 |8S| 2/32 /2,| 4 
Sl#2| SL IGaSsel =| S | ge] seleeles ase ARES SEIZES 5) He) =| 25 /=5| 2 
r : af AR} 3.6 at Pf Se oy & he '- ae [es -_ - ed 
3 a3 3 35 Swe = 2 53 33 £3 BS Mate- | Extra | Mate-| Extra 24m zeae 23 25 aes = eel oe ga| 8 
Elec) Sa lallasle| 2] & | a5] 25 [A |ea| rial | Labor | rial |Labor|& cp Seee2 zelegleea| 2 \22| 2\é6é2\a8| = 
q7 300|78.4|70.0|W| No 104 587 0 0 § 0 0 101 43 
‘8 300|78.4/70.0)W| No 0 0 0 0 170 
L2 400|74.0/84.8)W| No 2 397 0 0 0 0 99 
4 400|74.0/84.8]W| No 0 0 siis 0 0 98 
4 740|73 .9/81.5)W| No 130 323 0 0 dies 0 0 123 
6 740|73.9|/81.5|W} No 0 0 0 0 36 
9 3,000|67.2|80.1)W| Yes 0 0 Cyl.Liners; 1-Cyl.Head| 0 0 796} 3174] 8 | 2 
pal ,000/67.2/80.1)W| Yes — 18,921-— 0 0 Zan4h 1-Liner : 0 0 486] 3173] 8] 3 
0 ,000/73 .5|80.1)W] Yes 0 0 Fuel V.; Starting V. 0 9 892! 3173] 8 | 2 
74.3|6,400c B-F 90| 130|}N|N 8 | 1 |1,350]2,500 
8 260 |72.7|78.1) A] No 44 420 0 0 | 1.29 | 8-Piston Rings 1 82 
5 400 |67.3|53.4|W| Yes 64 490 0 0 | 0.74 | (See ggl) 0 
2 410 |67.3/54.8)W| Yes 26 363 0 0 | 0.52 | 1-Piston Cooling Tube | 0 
8 745 |68.8)66.4|/W| Yes 731 | 1,178 0 0 | 1.66 | (See gg2) 0 
ig 755 |68.8|67.3|W| Yes 961 | 1,819 0 0 | 2.42 | (See gg3) 1 
9 1,060 |67.3|70.8|W| Yes 988 | 2,182 410 | 540 | 2.75 | (See gg4) 1 
2 2,220 |67.6/67.8) O| Yes 355 | 1,759 0 0 | 0.64 | (See gg5) 4 
63.2) 3,360 B-F 75 115|N/|N 1.38 354 23 
sik 560 |75 3|75.7|W| Noe 54 4109 0 15g} 0.58 | Exh V. Seat & Sp. 1 52 
3 860 |75 7|77.5|W| Noe 106 8189] 176 1879] 1.03 | (See gg@) 2 
é 860 |75.7|77.5|W| Noe 409 8399 0 329] 1.02 | (See gg7) 1 
4 850 |75 7|76.6|W| Noe 101 683 9! 0 0 | 0.63 | Exh. Valve Springs 0 
1 2,280 |74 5|88.3)/W| Noe 28 6979 0 0 | 0.25 | None 0 
\ 178.3/3,020 B 90} 115 | N |B/W 0.61 466) 30 
$| | Biesegel te Pee 3) tse) epee ; 
: : . es .24 |}2-Main Bearings; 
5 900 |62.5/67.0/W| Yes 285 0 0 0 | 0.23 |) Piston Rings; 0 
v4 900 |42.5|67.0/W| Yes 420 0 0 0 | 0.34 || Scavenging Valves 0 
67 .2|2,300 B-F 80 | 120 0 55 500 
0 275 |77.2|52.6| A| Noe 0 0 None 0 0 16 45) 
fl 400 |77.2|76.6| A] Noe 0 0 None 0 0 18 
4 350 |74.5)51.7|W| Noe 410 398)| 622 27 |{0.41}| Cylinder Head 0 0 127| 313 | 8 | 2 
2 700 |76.1\69 0) W| Noe! 241 51 Piston Rod 0 0 381) 313 8) 4 
9 700 |76.1/69.0|W] Noe 0 0 None 0 0 288} 313 8| 2 
56 .9/1, 600 B 85 | 100|N]|N 313 | 8|1 198] 50 
4 600 te elie A Yes 1,132 0 31| pion et eee 0 0 5 313] 8 | 2 a 
2 é es ’ 4 2 
8 600 |72.6/72.1) A} Yes) i 1 29| 313 8 | 2 
fl 800 |75.8|75.3) O| No 1 2 28] 318 | 8} 2 
63.2}1,500 | Cc 95 1200|N |B 313 8] 1 259] 200 
a) 450 |73.8/82.4] A] Yes 512 10 0 0 | 0.87 | RockerArms;A.C.;A.V.| 1 8 1D es 130} 
0 430 |72.7|77.6| A| Yes 122 0 0 0 | 0.20 Pony Plungers 5 40 D380 arate 8 
Al 960 |70.1/83.5) O} Yes 381 18 0 0 | 0.33 7 a Se.; A DAP 68]..... 8 
2 1,010 |70.1|87.8} O| Yes 622 130 0 0 | 0.63 |{Main 'B: Se; A. C.;| 5 | 120 124)..4.. 8 
67.8/1,370 A 60 110| N/L 0.50 ‘ASC Rit eee Se a sc Bil aire eeects.. 750) 
5 1,250 }64.9/68 6] O| Yes' et 0 0 0 |f0.20\|(Comp.Valves & Spgs.; 1 1 ee lai se 157 
8 1,300 |64.9|71.4] O| Yes 7 100— 0 0 0 Scavenging Valves; 0 OH Ras 365 | 8/1 
83.6/2,300 A/Ci | 34/85| “yoq | N | BF Rings 365 | 8] 1 364/1, 016 
6 785 |74.3/75.6|W| No 0 0 Injection; Inlet & 1 DA cis 2 
4 us a : 75.6 * te 888 916 4 : 0.52 Ter Valve parts; a Shnee Sarce : 
i 75.6 ° ipesMisGsees sale OF | aeee ss |iaane: 
97.3/2,355 A 63 IONNGRIC Ly He ee er TT RR i ORR Ree ee See ce BDA eet erevcare 735 
(3 DORIA ER TOVUIND Le etme Hee Te i fi NRL 2 oi ficiaie w asatatainie » wreialacajtiate els si flesateps)| 21/2 obelfetefa) ors 234 813 164 
“4 567j|72.4 O| No —23 , 94, ——@$|_—$|]] 7.18 |]... 0... cee c cece eect e epee e lec ees[eeeees 234 8 | 3 
0 5549/72 .4 PEOU NON STMT tN Tie mT a ENN Se fe casera taeecy stateente ec clspacotsre'fecatorallincats aft] fe reyalee 234 8/3 
3 5429/72 .4 QO} No LECon RodwieCylse Wire |oecent separ 3 234] 8] 3 
87.02, 0837 D 110 130} N|N 1-Piston; 4-Base 156 8} 3 507 30 
.3 |39.3}1,700 |61 4/51.8] O| Yes} D-F 96 120} N | N | 1,965 | 1,800 0 0 | 1.26 | (See gg8) 2 | 548 896 Pe a 3 264/4,000} 77 
a 
4 430 |57.4|54.5) O} No 0 0 0 0 240 109 
3 700 |59.4 on 4 os 620 123 4 | 0.25}|4 Pistons - : a A i 
A 700 |59.4/55. es| 6 
47 91,150 B 90} 110; N|N 365] 8] 1 91/4, 300 
5 | | 228 jiooslee.0| Al Yes 0) 0 SP PampBedes” | 0] 0| 149 : 
5 225 |100.3}96. es ue mp es; 
7 225 |100.3}96.0] A] Yes 540 320 0 0 |40.82)|| Fuel Pump Plungers 0 0 401 
8 400 |93.2|74.0) A a iF oh os 1-H.;1-L.;1-P. & R.; R iy f a. ae : 2 
1 580 |85.2|/79.2] A} Yes’ p 
57.5} 922 Dk 60 12200); N|N Liner Gaskets 365 8 | 2 178}1, 230) 
74.1]. A| Yes 0 0 Os OE eee ee) Ma eR | Soe... 732 
ish 74.1]....| Af Yes 0 0 0 Sias'| Satetee| aeiete 
eo 70.4|....|W| Yes 2,787 0 : ; EA eet ends ee Weta ntdcntel amie He : 3 
.: 74.5}....|W] Yes Oe) 2 Ol ar ee 8 PP a ga’ 
So 74.5). W| Yes 0 0 LR ila A TRE) SAB el bien 313 8 | 2 
52.0}1,400 1) senso! Ca soe NIN 313 8/1 49| 850 
ates 53.6 O}.. 978 
53.6 O}. 
: 53 6 0 
Ce Oe Ee i aac) (A oe) ere 71) es 
3 975 |62 5/72 6|W| No 679 
8 925 |62.5|68.9|W] No oe ee 
99 .2/1,850 A 701) 1830|N | N Bal 2 wise ces 603 


TABLE III—ENGINE DETAILS AND OPERATING INFORMATION (Page 2) 


OO 


Enoine Data LusBRICATION Fue. 


‘ =| 
als <a Pa 0 3 a ra Sj ; 
—|2 Ss + 
s\3| 4 s g 5 z =|2\osle | 2 E Ho | Sg | 
S\S Selz2] gs td 3 a Es (Seabee - 3 S =) ~ s & 
| wz re a |e ars | o ra cae) A bo S =| 3 : 2 eo 
8) [slg] © 3 |z| 25 » |  |22| 25 esis | 2/6 & 8 do | oe 
3S 6|2| 6 re |] 8 , Bel 2 OS) = |AS}HA bea ae a | 8 
glelelel e| = [EEG] #2 [2] 2 12 [ee] 28 leglez| #215. | x a e) g [Sal 
eiiecii2| 2 | eels] 22 12| & |B. lee] s2 slog] es | 22) 2 38 See Meee 
= ol iY ons e =] > = ~~ ke ~ 
zlelels(e| S| 2 |e ls] 32 [S| 2 [as] ek) Sa [se] 2] Se | 2] fs ee | S| ey lI 
~ |.S)E/ol2|] oO 33 |g] So Ky a) ae |- Ol Se loell os > = ies 2 3 
B |b} Sh).o) 2 Bea ]8) ae a4 | 3 be] So |S] 4 a1) ae o 7 i} A 
algigielé\&| @ |88l2| $8 |2| & |8s|as| 83 lés|ss| As | 3a] 2 EES 2| & Josh 
60] 1] 4|M TP 800 537] 8| 194x22 |200 
2) 4|M aes 800 537] 8} 194x22 |200 
3) 4|M Te 800 537| 8} 193x22 |2 
Plian|t 2,400 1,611 
1149] 1] 2/M| P| TP | 1,200 806| 8] 16 x20 |257 
2| 21M} P| TP | 1,200 806] 8} 16 x20 |257 
Plian|t 2,400 1,612 


41| 1| 4 TP 520 349] 3] 22 x293/164 No 673,990 |...... 
2) 4) A DP. 700 470) 4) 22 x293)164 No 786,200 |...... 
3] 4) A TP | 1,150 772| 6| 23 x293|164 No| 1,869,600 |...... 
Plijan|t 2,370 | 1,591 3,329,790 

723| 1) 2)M| C| TP 300 m| 202) 6] 14 x17 |257 
2) 2\M| C) TP 300 m| 202) 6} 14 x17 |257 
3| 2|M| P| TP 720 484) 6) 16 x20 |257 
4| 2|M| P| TP | 1,050 705} 7| 16 x20 |257 y 
Pllan|t 2,370 | 1,593 il 411) 510 


34] 1) 2/M| P| TP 750 504] 5] 16 x20 |257 93,500 No | 1,026,760 }...... 
2) 2|M| P| TP 750 504| 5| 16 x20 |257 94,100]} 32.5° API No | 1,050,750 |...... 
3] 2|M OP. 750 504] 5} 16 x20 |257 96, 853 No | 1,071,590 |...... 
Plijan|t 2,250 | 1,512 284, 453 3,149, 100 


79} 1) 4) A 1B 225 151) 3) 16 x24 |164 11,505|) 24° API; 166 ae oe 100° F| No 108,300 
2) 4) A TP 225 151| 3} 16 x24 |164 694 0.45% 8; 4.3% C' No 
3] 4) A DP. 600 403] 6] 164x233)225 105,545] Trace— Ash; BSW Nil No | 1,274,400 
4| 4) A TP 520 349} 4} 19 x26 |200 53,852 No 612,500 
5) 4) A WBZ 600 403] 6| 165x233 100,931 No | 1,235,200 
Pllan|t 2,170 | 1,457 272,527 3,230,400 


TP 720 484| 6] 16 x20 


5] 1) 2)M/ P 
2| 2|M| P| TP 720 484] 6} 16 x20 
‘| 21M] P| TP 720 484] 6) 16 x20 Henle v ernce!| LODZ. gh Ste sear aveccter« abel suszeselfieve coisa ene teie: rusts | arate tebe | ate teesroten ateteyh aletatal prey enatelstatetstetsiate, sletatatelaieye Ps cei (ek yea net iced Fle esi ¢ 
Pllan|t 25260) 12521 PT | sisteveerererait ain MRI 205 erelaratan leteccteta| Eaaxteiarste 5 918,180 

6} 1] 2)M| C| TP 800%m) 202) 6) 14 x17 |257 |). 62.2 (1026) | LOL heey sc crnselfferni« caf nies ens oil's cieetojeres|ainistule wie/aie |\s/ele m #\u:e'ste'o(els\e\n vloin, ein’sia’s!g)otals lls’ sisif\ets iol Dsisie loins | etale eine 
2| 4) A U2 600 403) 6] 17 X25 |200)) 2. 5o..0.010| 1926008 | SLB cherase: | s01ee el]\eie'e ofall nro.+:0,0iole| veleiersjehsi| ols iajnjaislalerellle)a'e w/s{sCela(oin\efm(otele’els/o] ivieie[e(@ wialw | o/eIp1.}| “sim ale (etrio vee eam 
3) 4) A LP, 600 403] 6] 17 x25 savers ojero[ LOE PEARL Cease overall ose stais\||s) oi nrein|||o /eie.sieinif'v\elesaLmralei||sVetatodstotale’l](a\¥i9.» s a?aisisa\vlp/sic\so(4 s\elnseleisia/sieis\| »\s{eibi| nln inlevats’ sitesi! Otarets tele 
4) 4) A TP 600 408) 6) 17 x26. [200 |... <.......<[1928 } 1) 520). pare. of eininiersllle « :er0\] « «'s/e oisel] ea else sin|ieisia eo eiets||la/eiaie efeiclo.« vlele oleie pieis]x/aisioia/bjoinys fistvieis (crete a\s/o\etaretre | tet eta 
Plian|t 2,100 | 1,411 1,652,500 


68] 1) 2}M|C| TP 240 161] 4) 14 x17 |257 200° PLOQB ZOD. pace cal seca ciettles ceived) —« I Nevaleseetell aoe seo Ie |e SPCC oot cee 
2| 2|M| C| TP 360 242) 6] 14 x17 |257 300 1925 30°—34° API = | No} 612,600/...... . 
3) 2)M| P| TP 560 376} 4) 16 x20 |257 ATO) 1928" 145 CPB ievcateieceifiacaveter,|oleerriil| cine |  \l\petetiteeee |) © om | me | as [UNOS Zouy et hya eee 
4) 2)M| P| TP 900 604] 6] 16 x20 |257 TI4, (1980), |B, B80 veces «|(ceerr| cloeellivmc eel )e | Ue iin eiee si cerdl) 0) 0 tm fs MMR UNO] A Oc OU eegeaenn 
Pljan|t 2,060 | 1,383 1 744 le OG |e O22 orate 361,270 3) 516, 800 


133] 1) 4) A TP | 1,000 671| 8) 173x24}|225 6882 |1930 |2,967| 1,488 | 912) 366 134, 400 ri ee a SSU_@ 122F; | No| 1,598,730 
2) 4) A TP | 1,000 671] 8] 175x242/225 688° |1930 |2,918) 1,422 | 896] 366 136,573|{ 1.25% S; 0.5% C No | 1,625,820 
Plian|t 2,000 - | 1,342 1,376° 2,860 |1,808) 732 270,973) 0.05% Aa 1.0% BS&W 3,224,550 


Delivered by Tank Lk 


806) 1) 4) A TR 300 202] 3) 163x24 |200 240 |1916 {1,429 Wi rec apllancdas 23,187]) 24.9° aa i Yes| 282,550 
2) 4, A DP 500 336) 4) 18%x283/164 475 |1921 |8,744) 422 ].....)..... 85, 653|> 4.9% B Yes} 906,670 |: 
3] 4 TP | 1,200 806) 6) 20 x24 /300 | 1,043 |1930 5,151] 3,351 ).....]..... 257,111|) Partly Delivered in Tank Yes} 2,842,300 
Plian|t 2,000 | 1,344 1,758 B1808'|| sraera| wie state 365,951 Trucks 3,981,520 


29| 1) 4|M|..| TP 660 443) 6| 16 x20 |300 563 |1982 |1,206) 306).....]..... 26,403]) 28°—32° B; ooo ae No 299, 200 

2) 4|M|..| TP 660 443] 6} 16 x20 |300 663 (1982 |1,226) 352 /).....]..... 26,146)> 0.6% 8; 0.085% C No 318,700 

3 4|M]..] TP 660 443) 6} 16 x20 |300 563 1932 {1,196} 318 ].....]..... . 27,207|) Trace— Ash; REWNil; No 308,440 
nit 


79,756) Delivered by Tank Ship 926,340 


215| 1| 2|M| P} TP | 980 658| 71 16x20 1267 | 845911980 |e 740 menses eisoell ereie lines eters (Ns Cat |r areteeae 33.5° API; 0.22% 8 No} 917,800 |...... 
2) 2\M| P} TP} 980 CAME OPA ey hE tale oalcecoclgoapatmasceectl ©) (asasonne } be, Ash No] 3277-100) |) soem 
Plian|t 1,960 | 1,316 1,690 (CSE Baker otindc 104,059 1,194,900 


807] 1] 4] A]..| TP | 500 336] 5| 164x24 |200 | 425 |1916 187] eet50) |e toe seen ae 3,691 No 41,720 
2) 4) Al..| TP | 365 245| 4] 163x21 |295 312 |1921 204 On ec sl| Seco 2,057|| 28°—30° API No 24,040 
3} 4] Al..| TP 180 121] 4] 113x15 |276 135 |1925 0 OURS Fatlinck ane aka Of S< 05% No 0) | an 
4| 21M| P} TP 840 564] 6] 16 x20 |257 700 {1929 |5,090| 1,194 }.....]..... 128,595 No | 1,351,153 
Plian|t 1,885 | 1,266 1,572 GY ee | Beene 134,343 1,416,913 


108] 1} 4] Al... TP | 600 | 403] 6| 17 x24 200} 513 |1927 |2,527].......|-...-[e.e- 24°—26° B: 75 SSU @ 100F| Yes| 546, 100 
2} 4) Al..| TP | 600 | 403] 6] 17 x24 ]200 | 513 |1928 |3,381|.......|.....|..... OC < 0.5% Yes} 698,800 
3] 4 TP | 675 453| 6| 17 x24 |225 | 575 |1930 |5,027|....... Ale S< 05% Yes| 1,303) 100 
Pllan|t 1,875 | 1,259 1,601 2,385 |..... 300 229,970 2,548, 000 
837| 1| 4] Al..| CHa] 750 504! 4) 23 x32 |150 229,798 1,763,770 
2 4) A TP | 450 | 302| 6} 16 x24 |164 
4 151| 3| 16 x24 |164 7 301, 001 
4| 4] Al..| TP | 225 151] 3] 16 x24 |164 5 ie 
5| 4) Al..| TP | 225 151| 3] 16 x24 |164 
Pllan|t 1,875 | 1,259 273,535 2,064,771 
1033} 1| 4| A|..| TP | 500 336] 4] 182x28¢|164 | 350 |...... 9} 10 Bee “450ulNe . ee ate 
2| 4| Al..| TP | 500 336| 4| 18%x288/164 | 350 |...... PP alae) sbapeeed oma llth. ieee 22°+-API 
3| 4] Al..| TP | 500 336| 4] 19%x283/164 | 350 |...... 605] 328] 199|.....) 922 |f &F |......... 
4| 4) Al..| TP | 365 245| 4| 163x21 |225 | 250 |_..... 9 2 ALONE Ale e aca 26°-+API 
Pllan|t 1,865 | 1,253 1,300 497 | 329|..... 23, 802 
421| 1| 4] Al..| TP] "800 537| 8| 17 x24 |200| 681 1930 |5,428| 1,535 | 260|.....] 2,828 |) cc |......... 26°—28° API 
2| 4| Al..] TP | 1,000 671| 8| 173x25 |225 | 895 1933 |4,644] 1,728 |1,228|.....) 2,686 |, |... \ 10% 8 994, 
Pllan|t 1/300 | 1,208 1,576 3,263 |1,488| 500 3/802) 600 
845| 1| 2IM|C| TP | 360 249} 6) 14x17 1257 | 300 11027014 S84l sees caaleward|ssscalvernepet) . |veesceeeel) BO! 6B ll Ue TENG | eee ee 
A 2) C) TP | | 300 242) 6] 14 x17 [257 | 300 [1927 5,858). ...0.-f P| BO [PP 8 < 10% | NOP chiin 
: 6 x20 |257 | 900 |1931 | '955|.......|.....|..... Ash’<.0.05% «>| "Not sce eee 
Pllan|t 1'770 | 1,189 1,500 gir anileec le. 166, 853 i 1,480,775 


TABLE III—ENGINE DETAILS AND OPERATING INFORMATION (Page 2, Continued) 


LOADING 2 wo ee 5 Ie MAINTENANCE AND REPAIRS ATTENDANCE 
&l—ei2 |e 
2 i | alg = |e. \oe tess 8 es g Seley 2 § 
e ; = I pes a S Se 
|e & fese).| © | 25|Selgelee| 22 gee a ge |S8/288) 5 le | 2/4 |= 
S S- (A | Seis] % i=} em] & bo Sal/% 8 Sit a<38 Qua i= aT | Sse 3 3 Se ~ 
B leet dels] 3] 8 | 22] 28 eses| 852 aes |e8 2 a |SLESHl SE a | Sle 13 
SlIdoeS {4i2q g _ 2 I 3 LS nike a= cet = 9/8 a @|t Ss 
EICE| EX |SSisele] 2) 2] sl] gl iesise| 5S <2, isas fey rm | celeae| Sle | ela. L 
= |sa| 22 s\.5] 20) 2 80 Gy 5 |e SES BBS gas oS ee en $ §3\o38] 5 3 ‘Se 5 
lS e| Oo letiae(s| S| # | FS) FS lesl 2 8 gO 2e8 jig ar AaoS 5 ol eelese| 2 |e] B/Ae/8 | 4 
BRS #7 eke els) &| & | cE] ce eslee_ oe CSS |Pek) Suse (Sel eelesel a lSsi S| Belsel B 
‘ehisl oy laeladl<| 3] OS | 8] 2/22/28 Ba: BEES mele leas| SES] Sl su] <8) 4 
e/E5| SE EAESK| e| B | Ss] ES (Ese) Mae | Bs |Mac|Ben ieee] SERs = [5E| Sa/222! 5 |53| | 2513 3 
= (Se) ce lal |asla| < 28 | 25 |Ex|£.2| rial | Labor | rial | Labor !& sm Sune 2a|eglcos| = laZ| 2lezladl & 
¥4 520 |60.3/58.4| A] No Piston Rings 1 7) 2 60 
5 520 |60.3|58.4] A] No None 0 7\1 
5 520 |60.3|58.4) A] No None 0 a (es! 
520 D 90} 130); N |N 3] 1 69/4, 000 
Be teats ect elie DPeanOal as aecca lgodood| accent kadede GEE EE eRALO roc dc oedt col eel hd oea BeAee! | aecion (aes (eee 1149 
a st Sikes | 9 meth ee” Cel ak sca 9 0c 9 a oo and ee a (ee ae Ce pote 
8 400 |74.6/85.6|)W} No 0 0 0 PS Ping BS: Cp. Pe R&S || aa] et steal weiaisle = 41 
4 500 |75.3/80.1)W| No 568 0 0 0 (40.24 B.C. Tube Parte; uelits ofl) cents] neces 365 | 8 | 2 
8 900 |75.5/88.0)W} No Cc 0 0 Oil Pas Partassaeb, 9 iliaa.|bletiee| sree ol 365 | 8 | 3 
\ A 60 | 110|N]/B Air C. Coil 365 | 8 | 2 160} 20 
7 29.1] Al] No (MI SGN oP SHY PRR elastance act 0] 0 7 723 
m5 29.1] A] No 0 0 Pu. Push Rods & Bush.| 0 0 11] 339 | 8 | 2 
17 43.8] O} Yes —1, eal 0 0 |)0.63{| Pu. Push Rod & Bush. | 0 0 90} 339 8} 1 
zm) 58 7} O| Yes 0 0 1-Fuel Pump Nozzle 1} is 94) 3389 | 8/1 
Cc 96 110| N|N 78 8] 1 118}1, 200 
a) PONG IL) IS” Goede 4 | Sedbrh laommee jue coe joodnad 1-Telescope Tube & 1 8 8/1 34 
7) DOPriCHe Ves me) oR WN OF Weecr tarda Wrertemelilets amie laiciiessinise es Pocket; 2-Comp. Re- 0 0 8b} 1 
3 EE) PA ONE eT SO leGaece dl Seonecel Agena icoronl lagocor lief V.; Springs & Disks} 0 0 8/1 275| 770 
BAe enc eeoas L |B for Comp. Valves 
yo 54.6 A] No 0 COI ei Ie ub ACY MMIC Ree RR aces See ona ace 0| 0 79 
\ 49.6] A| No 0 0 0 0 0 otee < cacopeateeneietas 0 0 
0 73.2| Al] No 350 0 0 0 | 0.58 | Bearings 0 0 
6 69.0} W| No 150 0 0 0 | 0.29 | Rings 0 0 6 8 | 3 
8 73.2] Al No 689 0 0 0 | 1.15 | Cylinders 0 0 5 8 | 2 
B 85 OININ 0.55 365 8 | 2 150} 360 
aes : Ale 5 
Aele- 
See CI OS AS SHeY ARO LTO end) Wore TOZI8 ccs 
: ate 6 
splice 
| Al.. 
2 26 3] A} No 1-Cyl. Head; Scaveng- | 0]|.....]...... 68) 
3 29.2] Al No 1,5|55 0.76\|| ing Pump Valves; Wai lRaeeterctet| ttegarate a $12 | 8] 1n 
5 45.6] O| Yes Rings, Fuel Pumps OM laste che rena ons 312} 8 | In 
ws 57.1] O| Yes ie Shao al Sanaa 312 | 8] In 
B-F 90} 110|N]|N 156 | 8] In|]..... 832 
2 76.5| A| Yes 253 344 0 0 | 0.60 | P. Rs.; Cp. Rs.; C. 2 7 146 133 
—0 76.5) A] Yes 253 344 0 0 | 0.60 | Coil P. Rs; C. Coil 1 33 140} 297 73| 2n 
A 75 1200| W| N 0.60 297 AS In le oc. 10 
ile Dal eases | A] Yes 25 0 0 0 | 0.02 | ValveSprings& Gaskets} 0] 0] 322 305 8 1 806 
é 8/3 
St 61.1] A} Yes 38 0 0 0 | 0.02 | Valve Springs & Gaskets} 0 0 493] 313 | 8a} 2 
5 54.8] O| Yes 763 0 0 0 | 0.64 Waite Springs; Gaskets;| 20 | 532 361 
A 60 80 | N | B/F 0.41 1-Piston; Oil C. Pipes 313 Sia 166] 1,850 
0 69.3] A] Yes 0 0 0 0 0 | None 0 0 0 29 
7 73.4| Al Yes 0 0 0 0 0 | None 0 0 0 
| 2 74.9) A} Yes 0 0 0 0 0 | None 0 0 0 
B 70 110; N|N 225 8 | 33 154 20 
,) 48.9] O} Yes 191 15 0 0 | 0.14 |{Piston Rings; General | 0] 0 | 168] 312] 8 | 4 215 
1 48.9] O} Yes 191 15 0 0 | 0.14 |\ Inspection 0 0 168| 312 | 8a i 
B 99 104]; N]N 0.14 156 Bh ay thas 2,150 
Sa ee Fille). |PAl) es 0 0 0 0 0 | None 0 0 0 807 
1 73.7|/45 1] A] Yes 0 0 0 0 0 | None 0 0 0 | 365 6 | 2 
0 .4]....] Al Yes 0 0 0 0 0 | None 0 0 0| 365) 6/1 
1 47.5] O| Yes 0 0 0 0 0 | None 0 0 0 | 365 6] 1 
Cc 70 100| NIN 0 365 | 6] 1 112/2,950 
6 75.7| A| No 0 0 0 1-P. Pin; 6-Exh. V.& S| 0 0 175 108 
1 73.9| A] No 565 0 0 0 |)0 30\| 1-Vert.T.B.& Gov Shft| 0 0 175 
2 76.1] A] No 0 0 0 6-Exh. Valves & Seats; | 1 4 171) 354 | 8c} 1 
(6) 100 130| N/L 1-Fuel Pump Body 60; 8] 1 209} 850 
ol abl pepe .|W] No (See gg9) x Miser anced aap: 837 
PE AACE 75.0 .| A] No 3-Cyl. Heads; 1-Liner ae 
Si spas 75.0 .| Al No 2,859 | 3,164 |3,402 473 >|45.28}) None w[accanpeeeee] / 
PE Miecces: 75.0)....] A] No | Nope ap meh) hescal aaa [atest 365 | 8 | 2p 
pis 75.0|....| AL No 1-Cyl. Head TT} 365 | 8 | ap 
A 80 126) N|F 365 8 | 2p 110 5 
a2 280c|76.0}63.3) A] No 0 0 0 3-Exh. Manifolds 0 0 |. 1033) 
4 310c\76.0|70.1] A] No 0 0 0 (See gg10) 0 0 |. 
3 300c|76.0}67.9| A] No 592 0 0 0 |\0.382}) 1-Bxh. M_ Gov. Shft. 0 Di lP Recae Nea sie 8 | In 
0 150c}73.5|45.0} A| No 0 0 0 None [Oil Guard] 0 Gane eee S on 
oP 1 He oe | : fac Cg ne 3,8 
0 72.7 A| Yes las 216 24 0 0 | 0.30 |/Piston Rings 0 0 120] 365 | 8] 4 421 
Hdl Weal ce, 73.2|....] A] Yes 0 0 0 0 0 0| oO 0} 365 | 8 | 2 
aoa bel A 70| 110/N|N 0.138 865 | 8 | 2 158) 620 
35.3}29.2) Al No . ere no eel neces s 8) 1 845) 
300 oe 29.2} Al No 1,5 | {1.03 {Psion IPT pes gee | ARSE Ga Io Sinicoe Mrleroe 8] 1 
470 |57.5|38.3| O} No 8) 1 
470 B-F 70 90|N|N Bape. Usman 1,050 


TABLE III—ENGINE DETAILS AND OPERATING INFORMATION (Page 3) 


Enorne Data LUBRICATION Furi 
33 = » | 3 a Pa & i 
a\z| 4 x ; = : Bid }es|2 | 2 3 H | galt 
al lelc| 2 Fee] ge "ole |e.) 22 |Sel2 | Bele | 3 = gi) 38 eee 
S| (el8] 5 leis] 24 » | | 88/25 |se/8 | 82/6 g 3 e| | 
la] [Ble] 8 Bete) 1 | .| 2 |&@ |S) ta |acie | gaia °° e | BS] 
ail SRS : Malo! ss ahy| 20 sle2y| HE | O 3 5 =) 3 E 
SMe) zie) gs AY Ryo] 8s = pa 2 Beall Shep ES|co 2 oe 2 i = 2 mS 
g /8/Sla|| = = eels! AZ | a 2 A | 88| S82 | 24/S5E| as | 238 D BR 2 B=) Balt 
BfAlOlels) 2 | a | Sols] s@ |e] S | sx) 251 SB loslo8| BE] Bs] Ss oe ss 3 Sieg) 
a e/2)3]s + a) gs \s 3x 3 £ FS 28 at eae oS 3B | 84 ° gz © 2 Ps 
Bere) 8)3] & Me Se | S| 2 | gE| ae] 85 |) 82/32) 22 | S32 3 £3 & 3 bz 
elzgeale| 2 | gele) 38 |a| & | £2\zs| €4 |83|se| as | a8 | 2 33 s| & |éell 
Ne ee ee eS eee 
854] 1) 2)}M!|C| TP 360 242) 6| 14 x17 |257 SOO 1928 ee at ee ce csr meee tctehalfis meoselec=cc']'| Cake a MNT eleyeqelenetaties 30°—36° B INO). ak jelee seep] Nareat 
2) 2|M| C} TP 360 242] 6) 14 x17 |257 300 |1928 BO Ti cea S< eae Ash < 0.05% No finns cause ie | Ste ee 
3] 2|M| P| TP | 1,050 705) 7| 16 x20 |257 900) |ISSE aS 72th. ee | a eels city) | Mi ttaRomtrerdty BS&W < 03% NO:| 5 . 5 packs vsiehe flaw eet 
Pljan|t 1,770 1,189 1,500 200, 464 2,177,480 |1,582 |1¢ 
158] 1| 2| A] P| CH | 1,760 | 1,182] 8] 17 x23 |257 | 1,500 1930 S&F 37,969] 18°—22°API; 0° F Pour Pt.| No 343,172 |1,144 | § 
212) 1) 4) Aj..| TP 875 588] 8} 174x24 |200 671 |1929 398 100 65 29| 3,483 } s 15° 50s} 33° B; a SSU @ 210 F No 168,200 |1,682 }11 
OT AvAl She 875 588] 8} 174x24 |200 671 |1929 412 98 57 28) 3,679 &F 15,508]{ 0.08% S No 169,000 |1,725 |1¢ 
Pljan|t 1,750 1,176 1,342 198 122 57| 3,579 30,506 Deliverel by Tank Truck 337,200 |1,702 |11 
722) 1| 2)M|C} TP 200 m 134} 4| 14 x17 |257 170 |1928 188 Des andl aoe 684 2,241 No)}...iieem eee ene : 
2] 2|M|C] TP | 300m} 202] 6] 14 x17 |257 250 |1923 191 BBi |e Seraeliecceeye 1,332 || BC 3,560] | 32°—36° API itd Raeseeernasal cose 
3] 2|M| P| TP 840 564| 6] 16 x20 |257 700 1929 |1,348) 3845 ].....]..... 3, 282 52,727 NG |ovc teen os oes Reva 
4) 4) Aj..) TP 365 245] 4) 164x21 |225 330 {1916 362 76) | eorapetel| tarred 1,739 9,670 Not. 5 cae olan 
Plian|t 1,705 1,145 1,450 B19) Pec tewite 2,619 68, 198 774,780 |1,493 |11 
805] 1] 2)M} P| TP 840 564] 6) 16 x20 |257 700 1928 16 0 OU dal eacactneee } BC reap 28°—30° API No 4,230 |. ..... f 
2) 2|M| P| TP 840 564] 6) 16 x20 |257 700 1929 13 0 (ho Ade al eaenoss &C 435) S< 0.5% No 8, 640.1 hen { 
Plian|t 1,680 | 1,128 1,400 954 7,870 § 
18] 1] 2}/M| C| CH 450 302| 5) 15}x16 |275 |........ 1922 
PAE WON oat bed 600 403] 6] 17 x25 |200 |........ 1926 
3] 4) Al..| TP 600 403| 6} 17 x25 |200 |........ 1928 
Plian|t 1,650 15108) Gh ies erecta 
88] 1) 4) Aj..| TP 285 191} 3; 164x24 |200 240 |1920 |4,894 53,790]) 32°—36° API; No 
2) 4) A|..| TP 285 191} 3) 164x24 |200 240 |1920 |2,983 35,270|| 42 SSU @ 100 F; No 
3] 4) AJ..| TP 300 202) 3} 163x24 |200 188 |1925 |3,767 46,530|{ 0.35% S; 0.01% Ash No 
4] 2} A] P} TP 750 504| 5) 143x21 |257 650 |1932 {4,188 123,028 No 
Plian|t 1,620 | 1,088 1,318 258,618 
SILA Aln |e 400 269| 4) 164x24 |200 350 |1921 |4,497 No 
2} 4] AJ..| TP 560 376| 3) 224x22$/225 500 |1922 82 26°—34° API No 
3] 4) AJ..] TP 600 403| 6} 17 x25 |200 500 |1926 |4,399 No 
Pljan|t 1,560 1,048 1,350 159, 418 
406] 1} 2)M| P| TP 600 403) 4) 16 x20 |257 500 |1930 {2,104 O42 781 BC eames 32°—36° API; No 512,600 
2| 2}M| C| TP 300 m 202} 6| 14 x17 |257 250 |1923 |3,592 OU 68271 CA care sere oe 0.25% Ash; 038% TB sew No 343,000 
3] 2|M| C] TP 300 m 202] 6) 14 x17 |257 250 |1922 (3,336 tie ee keted | C2 MESS esac No 313, 230 
4| 21M| C| TP 360 242] 6] 14 x17 |257 300 |1925 |3,872 Ol 270 MICE teeters No 420,410 
Pljan|t 1,560 1,049 1,300 0 189, 211 1,589,240 
10} 1) 4) AJ..)| TP 750 504} 4) 22 x293/1663] 625 |1924 |5,648) 2,118 0 174, “Fssl) 0 27° API; 40 SSU @ 100 F; 1,923,300 
2} 2} A] P| CHa] 750 504] 4) 17 x27 |176 625 {1925 551; 294 0 14,583] } 0.5% S; 15% CC; 156,920 
Pljan|t 1,500 1,008 1,250 6,199] 2,412 0 189,306 0.004% Ash 2,080,220 
Delivered re ey Wagon 
47| 1] 2)}M| P| TP | 1,500 | 1,007] 5) 194x27 |240 | 1,250 |1932 /4,550) 1,833 254,353/{ 30°—36° B 1.0% 3,021,340 
Ash <0. 05%: Sew. 3% 
1154] 1) 4) AJ...) TP 750 504| 6] 173x24}]225 750 |1931 |4,524 0 121,861 } 32°—34° A ‘APL 1,255,900 
2} 4) Al..| TP 750 504| 6} 17$x244}225 750 |1931 [4,445 0 119,912 1,200, 000 
Plian|t 1,500 | 1,008 1,500 0 241,773 2,455,900 
289) 1] 4) Al..] TP 250 168] 4| 133x174/257 210 |1920 |5,478 651 0 60 644,970 
2) 4) AJ..| TP 250 168} 4| 13%x174$/257 210 |1920 |5,462 0 640, 470 
3} 4| AJ..| TP 365 245| 4] 164x21 |225 300 |1915 |4,529 0 3 743,790 
4) 4] AJ..| TP 600 403} 6] 163x238 |225 512 |1927 |2,291 0 717,800 
Plian|t 1,465 984 1,232 0 234, 089 
496] 1) 4] Al..| TP 400 269} 4) 164x244|200 340 |1925 |3,674 154 0. 41,693 2°—36° API 
2| 4] AJ..] TP 300 201) 3) 164x24}/200 250 |1925 |4,601 341 0 40, 463 Be 1.0% 
By APA eee 750 504| 6} 174x243/225 650 |1928 {1,569 134 0 37,095 
Plian|t 1,450 974 1,240 629 0 119, 251 1 201; 175 
850) 1] 4] AJ..| TP 600 403| 6} 17 x25 |200 DRAPE lie) GRAS A ASI aac dasa Getincea| eels | Rememocie 30°—36° B; S— 1.0% 
2) 2|M| P| TP 840 564| 6] 16 x20 |257 700. -|1928: SiS G06) Ber rcralncrs el kyle cu! [e oe cecetye hom al letnreptreernans Ash <0. 05%; BS&W<0. 3% 
Pljan|t 1,440 967 1,200 280, 723 2,844,460 
70| 1} 2)M| P| TP 560 376| 4| 16 x20 |257 ATO O28" FACAOS crn terrie duce cist] ciateyeteifletescterc.ctelh | az a evade rereta ee 864, 783 
2) 2)M| P| TP 560 376| 4| 16 x20 |257 470. [1928 (4 S4 STi ee sete Na crcceial]ctase ote Macs niaccrcel fh HOCCME Me rccederersietes 32°—36° API 
3} 2|M| C| TP 300m 202} 6} 14 x17 |257 260) |1923 21 C4 OG ere eyctstel| srarcath cs anced) UM Mmatetonieye 
Plian|t 1,420 954 1,190 198,000 
849] 1) 2)M/C} TP 360 242) 6| 14 x17 |257 B00" |IO28: MS yA caleracece ae [le arelece | icv etone fix/a7s robot [AS Cima pais ere ate $0°—36° B'S < 1.0%.) ING). van an cade 
2} 2)|M| P|} TP | 1,050 705| 7| 16 x20 |257 900. |XOSL |S G84 eee cele camel cote lan om cey) 8 Mullseitana are Ash <0: 05%; BS&W<0.3%| No|...........).0...0m 
Plijan|t 1,410 947 1,200 243, 220 2,516, 180 
154) 1] 4) AJ..] TP 600 403] 6] 17 x24 }200 }........ 1927 |1,688 
2) ayAlen) TP: 400 269) 4] 17 x24 |200 |........ 1926 |2,921 
3] 4) Al..| TP 400 269) 4) 17 x24 }200 |........ 1925 |1,659 
Pljan|t 1,400 GER ee SS aearacste 121,977 1,513,170 
163} 1) 4)M]..| TP 400 269) 4] 172x22 |225 343 1924 1,225 12,045]) 37.7° API; 45 SSU @ 100 F | No 
2) 4{M]..) TP 400 269) 4] 173x22 |225 343 |1927 |4,601 62,837|} 0.2% 8; 0.002% Ash No 
3} 4|M]..| TP 600 403| 6] 173x22 }225 625 |1929 |4,110 95,041|) BS&W—Nil. “Delivered 
Pljan|t 1,400 941 1,311 169, 923 by Refinery Pipe Line 
35.4°API; 41.3 SSU @ 100F; 
198} 1) 2/M/ P| TP | 1,400 941) 8) 16 x20 |300 | 1,892 1932 |5,525 324, 674|4 Ash-Nil; 0.29%S; 0.01%CC; 3,666,420 
BS&W—Trace 
517) 1) 4, A iad 625t 420] 5] 174x25 |225 625 {1930 14,287 816 64,340 ee API; 0.5% 8S 542,830 
2) 4|M EP. 750 504} 6) 17 x25 |225 625 {1982 |4,523 482 63,400}{ 0.1% C 579,730 
Plian|t 1,375 924 1,250 1,298 127,740 1,122,560 
888] 1, 4) A]..| TP 300 202) 3) 17 x24 |200 250 |1925 |1,686 33.9° B; Meer aee 
2) 41 A TP 400 269] 4] 17 x24 |200 375 |1925 |3,520 CC and B S&W—Nil 
3) 4, A AM 675 453| 6) 17 x24 |225 575 |1931 |7,017 Fuel by bene 
Plian|t 1,375 924 1,200 228,830 2,326,490 
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2|ae(@ (Sale| | 8 | 88] So iSeias| Be ee (23 2 = a ilsse| £2 | &/2 13 
= |B re Zalseis E z £° #4 22las| se shal as # wee @ lsaldal| & (2 | 2/4 rr 
$ |2 S| -° aula allies a u a) a Sia o fora ‘oa aaa ealt=| lie asia. a ala. 
ee |ae| 23 Exoela| €| y | | es lesies| ee | 342 feed] iis (Eleleeél 2 rel e/=al2 | 5 
5 s os > 55/65 (2) C= Meal as, 2a Cohen ‘ Cena fe 
=e (ae) 87 Reg] =| 3 |S |Selgsieg|_ "| °°" [peel sees = BJEA 236) 2 [2s] 2| | 2¢| 2 
25/25] 33 le e2l4els| 2 Se) 2818-2) 35 BAe LELZ G/F Rec) © bez| =] 1581S 
28 |£S| 32 |z4|esc|8| 3 i: 52 | 53 |E3|E5| Mate-| Fxtra | Mate-| Extra /A7 zeae suleelgael ¢ los! o|ae a 4 
am |Ze] de |x l|oSle| < 26 | <5 |Em|e.2} mal bor | rial | Labor |& co Seee2 zalegleoa| 2 l2t| 2) 62/08) = 
». 200 |35.3/29.2| A] No | | Ee REECE RS Oe ee alte ce Aes bee 312 | 8 | 1g 854 
ae 200 |35.3)29.2| A) No 306 alle fc bate Beletefavo See actos linretaves fee res Linares «8 312 8 | 1g 
: 700 |57.5/57.1| O| No rar A aches ace eee ee emirate 32) 8/101 ol soo 
BD LSRSSO' MMI eli hae Sl eonrca se lee: 
5.4 |55.4/1,000 |64.9/54.9] O) Yes|/B-Fr |56r/90 |100r/ B/F ; 
D-F 120 238 0 0 0 | 0.01s| Comp. Valves & Springs} 3 1 ae, 365 | 8] 1 109]1,612| 158 
1.9 570 |75 1|72 8) Al No { a 0 0 1-Cyl.; 1-Liner; Bear- | 0 Opes 365 | 8] In 212 
9.7 560 |75 1|71.5}) A} No AP ee os N 0 0 0} 0.40 ne Fuel Pump; 0 Onli 365 : wn ee 
70.8| 570 - askets 365 fl aa 
| ‘ a. 120 |29.4}26.3) A] No 0 0 Piston Rings; Fuel Oil | 0 0 0 722 
ete.» 180 |z9.4/26.2} A] No 0 0 |J0.53{|) Pumps; Air Valves 0 0 9| 3389 | 8 | 2 
‘ioe 600 |53.6/57.0| O| Yes — 896 — 0 0 0 0 243) 339 | 8 | 1 
ae 220 |73.8]66.3] A} No 0 0 0 0 33] 339 | 8) 1 
84.9]1,100 Cc 95 109 N 78 8} 1 62/1, 250 
6.9 380 |53.6/36.1] O} Yes 0 0 0 0 0 | None 0 0 0} 365 | 10] 1 805 
9.6 380 |53.6/36.1) O} Yes 0 0 0 0 0 | None 0 0 0} 365 Meu 
48.1) 380 Cc 65 90 N 365 (fate! 12,533 
Sates. \ieisteniers 44.3 .| Al... Potec alles Io540 Abeetidl G0 g7Gs SUBOne MAOEO OE HORE Sere Occ oC Picks lotrel oc aml see or 18 
Aaa 6958] oe AVAle? Sabi tdallAaaooas WRaaeel SOGnta ARB Aee MEEEE Cen oEease nero be ol eceallaeter| iodsral aeoed teted o ae 
\209 Papa 69.8 Pe AS Ale ea Be WT alt laren’ oth aed BAReaa| a acod Aaa BEM meEaG srectesrricist.try.s| Issel (Seis kee. chic) rete al Wie seed (acc Oye 
Th CATT Te WS Beate lene eoeel Beneltoce | actin ileus” i] ae mmf aemen [eae Z| beret 
2.4 200 |73.3|76.8| A] No Tir 01-6 Piston Rings; Valves; | 0| 0 |...... 88 
B38 200 |73.3/76.8| A] No 237 0 0 0 |)0.15||} Packing; 1-Comp. 0 0! eee 355 | 813 
2.8 200 |77.1|76.8) A] No 0 0 0 Bearing; Gaskets 0 (Om le acces 355 | 81/2 
%.3 ae 520 |64,3/66.4| O} Yes q “ar N 0 0 0 0 [ON ao tae a e Mit 
é 675 
0 | Berea 77.2|....] Al No 1,330 0 0 0 | 3.83 | 2-P.;1-H.;R Cam.Shft.) 0 813 8 
ON it) ob canstes's 73.4 .| O| No 0 0 0 0 0 | None [Grs.| 0 8/1 
Be Siilist We biattia ret 69.8 .| Al No BF are oA 280 0 0 0 ed Rings 0 = ; fen 
LAGI ec ze ROSH ie) Se Gee ease. | On iah ml actos ; 
10.5 400 |57.5/57.2| O| Yes! 13 0 0 0 | 0.02 | No Major Parts 0 0 56 406 
7.3 155 |29.4/22.7| A] No 112 0 0 0 | 0.37 | Rings 0 0 56 
3.5 155 |29.4/22.7| Al No 121 0 0 0 | 0.40 } Rings 0 0 56| 365 8/1 
4,9 a 185 |35.3)27.1| A] No D Ales - 116 0 0 0 ee Rings 0 0 56 oe : - Tali es 
ae 150) 426 A , 
7.6 440 |79.5/69.4|W| No 811 168 0 0 | 1.31 | (Injection, Inlet & Exh. | 3 10 
5.5 440 |68.8/60.1)W) Yes 159 395 0 0 | 0.74 |; Valve Parts; Piston { 0 8b] on 
66.6] 440 A 72 | 110 L 1.02 || Rings; Msc. 8 | on beans 21 
6.9 65 9/1,050 |61.4/64.0) O} Yes} B 70 90 775 O5B2 8 | Srarerste are etalon rabterasteatess| aissetalllesereters | teoteae Sch £90 sero 3,400] 47] 
9 RR Bec oe ielort 7 Yes { ny 2 4 trait cee Rings; Gaskets; : : 18 315] 8|3 1154 
salneere 8 
8 lea sl 760" f 44| 110 B se 315 | 8b] 2 | 107|1,450 
0 0 0 1-Piston; 1-Cyl. Head;} 0 0 120 289 
1,413 0 0 0 |)0.97 1-Set of Timing Gears;| 0 0 168 
0 0 0 1-Main Thrust Bearing} 0 0 192| 365 | 8/92 
0 0 0 0 0 192] 365 8/3 
50 105 B 365 8/9 128}1,670 
0 0 0 0 Oil es aettares cate are cs ate 0 OU aera. 496 
0 326 0 C1 Epo BO Seren Ono soca Ob 0 Oulson any 365 | 10 | 2 
105 55 0 | 0.21 | H.P. Cp. Coil; Cp. V. 0 Dy lerrewre 365 | 10 | 1 
100 122 N 0.34 365 | 10 | 4 76}1, 200 
Houeae (aeeue, Wa ile ee eee eee ec lee 850) 
Mann oe es =, : Ba TREE ac eae ae ar Nae) a 
0 0 0 0 0 one Lilsices. 70 
126 0 7 ! 0 bp wade Head : : ApS Arr a 3 2 
0 0 ones eae OM UOT eeees, 1 
Reee sis 80 N 0.0: 3865 | 8/4 137}1,330 
{ 1,564 Wa ut} statis citeamiesameteirateas |, Neen aciaee lnibeaa ios sake 849 
+ 7“ i : cto wmatniretinaaiveawaie|sim sleeeea|areBeddiadeol | | py ee 
en eerie CAVE pore Tks ma IU) ieee AI, WMC ete ste chia om ois [lreao/s o's f viace-sloiwifrelcisseitui) wiew ossreimieiermicisieiale cmiee Saal eles fein | wie Me me [oe atstellte te ies 154 
es bell oe) nk Rg WI eas ss nay bie a re bar Leen Fe ak Fee 
IME TIGL G4 OMENO ORI Wee |) 2 fice nisteabewiegesefelfiacas aes [nia ocisiefow ers Piston Rings ge {tel aseahl separ ee a Ae 163 
EEUU ELON AL NGHAne Gl me LH RMI] Me Monreal Screetcteral| rereraiens [oc corte wena ensin-ce sw Aheecoa tess s!|teed| enna «| emana = n 
[ 6 140 BA Rea ko Meee) Bee BREnac PistoniRingtt  & ee Liceul Paces |seweee ys : an ie 
~ 155. 53] 76 Nee aL oral sacar ‘Onilecers ; 
aie N acs Beet 3 | 202 28 {is 3 ic 1,109] 198 
‘ f TOMA LAG TIAN INGIN \etecisietre lotaettas's! | @itersistellaislete ns |cisarsy + av. b s; All}} 3 | 202] 28/4348) 8 | In]..... % 
ee): 9)1-000 at Mfr's Expense i 51 | 8] In 
fi 65 0 0 0 | 0.10 | (See gg 11) 0 0 215 517 
es a6 10 0 0 0 | 0.01 | 4-Spray Valve Springs | 0 0 120 ec Hg 1 118]1, 100 
~ (27.7 375 85 | 115 B 0.0 
0 Rb. 3 Cr. Pin B.;9-P.R. | 0 0} 416u 888 
4,605 | 1,075 0 0 | 4.13 (See gg 12) 1 | 144] 584u} 365 8 | 2 
0 (See gg 13) 2 | 241 |1,047u| 305 8 | 2 j 
8 | 2 12! 
SETS new N | 365 i) 10 
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Enorne Data LUBRICATION Furi 
ES : oF = 5 8 
all 3 | 3 ele | aah @ fale 
Sie] se > 3 cE |ige, Cel 2 3 id on 
S/Z| 2 & j 2 red Bon) 6 SI a y fo) 
a| lsc} 2 Sele) 28 i |e |e.| S8/Sel2 | Fe] 8 | = tea 
lh Sle lets] 35 lla SE tess Seales £8) a 3 Bo Ss Ps 
2] fall 5 25 |e] 2 Beas Moa seer a | ga e ‘i S BE a3 
8 lBlelsial a a | Melo 54 = a 2 || gO! edi eg| He] So zy g a 4 2 
alssele| | = less} ee la| & | 2.183] 42/25/22] aa] ge] 3 33 SVS ee 
| 2 : He| aS 3 = Ba es Be i 
2 felesle| =| & | eels] 2. | S| 2 | Se] es] Se|Ed ea] Se] 22) 8 2 altos telge 
2» |.8].6/5 q } ‘3S ls| So Es o Re |-g Coane rane ifietcs 3 Th tos = Zo a 
A lela) o}e) 5 a= Bele) se eed a 3 we] £5 /25/4 z BS} S ee ° 4 
Algigieiél &| & |8dl2| Sa || & | As/Ss] 63/53/55] ds] 48] 2 Zé s| 6 |é% 
_————————————————————————_—_—__—_—_—__—_—————_—__nnTEEEEETEEEEEEEEEEEET EEEENT EEEEEEEEEEEEEEEET DEE 
| 
725| 1) 4| Aj..| TP 600 403] 6) 17 x25 |200 500 |1926 |5,682)....... PROS peerhiliaeves se BCP I cneasecie No 
4 Wee | 2.4 I 400 269] 4) 17 x25 |200 337 |1925 |3,575]....... Wl eel a era's a a BAe aie 32°—36° API; 0.5% 8 
3] 21M} C} TP 200 m 134] 4] 14 x17 |257 Ye PRES IPAS UE ganonl) GRU lobocdl\ocadas (OR AMa Peeiaaacce, 
4| 2)|M| C] TP 110m 74| 2) 14 x17}|257 UE eS elie Uc molMonereal tle) oy |lecuanes vas 
Plian|t 1,310 880 1,107 2,941 |1,909} 100) 1,815 189, 733 2,071,200 | 704 |1 
886] 1) 2)M| C| TP 120 81] 2) 14 x17 |257 SB) MI TOD ZOU See eer «\|tccerstorel|(sveteteres| steys;e'oes BOS cians ei | sieve bslatvonna rah sninie stole ee eoee 70,662 |......]. 
2| 2|M| C} TP 200 m 134] 4| 14 x17 |257 170) |DOZ5 G2 F540 ec sesal steerer tarsi] mieseie othe Me Pea sa a tere drecuoscs ener: 177,461 }). cca5n 
3} 2|M| C} TP 360 242) 6) 14 x17 |257 BOO! LO29) Ze LOO ee em rarateil wre ratarel rerstacall erezs,avee SU aheten lew at ae rama 222,478 |......|. 
4| 4) A TP 625 420) 5) 173x25 |225 eri 63 0) PAG el tensa) eter Ieee Pine al peaaccoarloqenorcacomnounampooecnork’ 442,724 |...... 
Pllan|t 1,305 877 1,090 2-150! | iacemi|ieaes : 1,555 127,740 913,325 | 424 
13] 1} 4] AJ..] TP 275 185} 4] 133x193}257 219 |1923 |6,509| 1,177 871} 306) 1,520 CC 75,450|) 30° API; 0.28% S; No 756,500 | 643 |1 
CMW IN eed| Ae 200 134} 3] 133x193/257 156 |1923 |2,660) 451 339] 386] 1,180 |} &S 19, 140}} 0.02% CC : No 210,700 | 467 |1 
3] 4] A]..| TP 750 504] 4) 23 x293|/164 625 |1925 {1,480 745 | 396 55] 1,490 40,970|} Ash and BS&W—Nil No 333,500 | 448 
Plian|t 1,225 823 1,000 2,373 |1,606} 747| 1,446 135,560 1,300, 700h 548A 
16} 1) 4A me 600 403| 6} 17 x25 |200 512 |1927 PAE ecetan| facon ol ericres| erence ae Cc No 83,760 |......]. 
2| 21M| C| TP 240 161] 4) 14 x17 257 200! LOZB WIR BSC scciccpee| scoteieke | farsrnieea)|'<toreyctersts 28°—30° API «I Noy 11,086)|\ioeean 
3] 2/M| C] TP 360 242) 6) 14 x17 |257 300 |1925 
Pllan|t 1,200 806 1,012 
17| 1) 4A sue? 600 403] 6) 17 x25 |200 |........ 1926 
2) 4, A TP 600 403) 6] 17 x25 |200 }........ 1926 
Plian|t 1,200 CS NS UT ieaseecel ly Nelaex Map odallc edan 192,906 
846] 1) 2)M| C) TP 360 242) 6) 14 x17 |257 800) 1927) 1) O06) Pere srcrcil < »mrepell eloretecsil vere ores BOM at iacde } 30°—36° B; 1.0% §; No 
2| 2|M| P| TP 840 564] 6] 16 x20 |257 700) |1929" [2268 eee cancilite ei lrivmtelicweerti | Lae 'lilemecherancters Ash <0. 05%; BS&W<0. 3%| No 
Plian|t 1,200 806 1,000 DE 302)\| tsetse 2,231 160,448 1,668,900 
889] 1} 2)M| P} TP | 1,200 806| 8} 16 x20 |257 900 |1931 |4,460) 1,283 ].....]..... 4,165 BC 222,613]}{ 30°—36°B; S< 1.0%; No | 2,461,720 |1,918 |: 
Ash <0.05%; BS&W<0.3% 
980} 1) 4) A TP 750 504) 6) 173x243)225 625 |1929 |3,674!....... 462 Leerssen 25.4° APT; 0.5% 8; NO'lssccacsaees [oaebee 
2) 4) A TP 450 302) 4) 17 x243}225 1927 COM. en ae. 1.14% CC; 0.002% Ash; Nodes pen. ol ae 
Plian|t 1,200 806 , 168, 650] | 0.1% BS&W 1,757,700 |1,026 |. 
1083] 1} 2}M| P} TP | 1,200 806) 8} 16 x20 |257 BC 201,872} 26°—30° API No | 2,695,050 |1,426 | 
330} 1) 4) A ae 625t 420) (3) L7Ex2612265 | 450) ISSO ee aoe omic |icece sul arnals, nai ae 6 Fm Castelo alee No 429,350 |...... 
2} 2|M| C} TP 240 161} 4) 14 x17 |257 BOM Ae Sars ister 32°—36° API No 215,350 |...... 
3] 2)M| C| TP 100 m 67) 21) L407, 1257) EOP IO Mae 2 5500 | mererete rc maiacera ter crsrrall etetarct-cers)| (1) Mn Neen oe No 91200) Noe eer 
4| 21M| C) TP 200 m 1 OE Be ta RS a Wy dal Payee ew (te hh Ee REGS IUl Aine! |atoda Peneltepemercl if |e orareaae No 208,520 |...... 
Pllanjt 1,165 782 122,255 944,470 | 344 
878] 1| 2)M| P| TP 560 876) 41P 16 x20 11257 1" * ATOM HLOD Oi) S89 OC ieryerel serail orcistenr | laruta fave <reiye/ =e || eee | Siena on 28°—30° API; Not over No} 1, a5, 600 eae 
2| 2)M|C} TP | 200m] 134] 4] 14 x17 |257 BCR hese: 220 SSU @ 100 F; No 1280'} 00... 
2) 4 Alc TP 400 400) 4) 17 x25 1200:|) 337 (1024 oO ee malice wreillsanlaclhicncre eatin MI ictepretiereye § <0.5%; BS&W<1.0% No 384" OOD! ine ae 
Plian|t 1,160 779 223,376 2,258,880 |1,017 
616] 1] 4| A TP 300 202| 3) 164x238 |200 CC 66, 947 No 812,380 | 948 
2| 2|M| C] TP 100 m 67) 2) 14 x17 |257 &F 650| > 20°—22° API No 5,000u} 200 
3} 4) A RP. 750 504] 4) 23 x32 |150 68, 850 No 764,420 |1,062 
Pljan|t 1,150 773 1,581,800 | 987 
887] 1] 2)M| C| TP 150m 101} 3} 14 x17 |257 BC 0: Ivette 
2| 2) A| P|} CH 440 295) 4) 15 x20 |225 &C 8,050 }...... 
3] 4|M|..| TP 550 369] 5) 17 x24 |225 1,154,870 tv. tee 
Plian|t 1,140 765 139,521 1,162,920 |1,067 
78| 1] 4|M|..| TP 400 269] 4] 17 x24 |225 CC 87, 787|\ 30.9° API No 710, 200 855 
2| 41M ERP, 660 443) 6] 17 x24 |240 154,912 - No | 1,624,924 |1, 705 
Pllan|t 1,060 712 242, 699 2,335,124 |1,308 
519] 1) 2)M| C| TP 200 m 134] 4| 14 x17 |257 Ss) No! led.d0..4 cae aes 
2) 2)\M| Cc) TP 300 m 202| 6} 14 x17 |257 C&F 32°—36° API NO lei oc nee eee 
3| 2|M| P| TP 560 376} 4) 16 x20 |257 INO} recakcrarere eres eee 
Pllan|t 1,060 712 1,668,238 |1,014 
203] 1] 2)M| P| TP 525 352] 5] 14 x17 |300 0.0) 0 tas Gel IONE SHOR OSC oc No 790,700 |...... 
2) 2|M| P| TP 525 B52) ib(014 x17 \|300)) “447 LOST OAS Mer crarelincmigeli Gl actrc arch) 0 Milles meestotenersil eretbrateteterettnrernietn bette tetcaetetsianmnens No 795,700 |...... 
Plian|t 1,050 704 157, 693 1,586, 400 619 
259] 1) 2|M TP 210 141| 3) 14 x17 |300 BC 45; 800 rai etraisioiene malian neat tar staks No 523,376 | 810 
2] 2)M| C] TP 360 242) 6] 14 x17 |257 &F 20/2201" ras. cere rctsteraiete cts aterceretawainaret No 148,949 784 
3] 2)M TP 480 322) 4) 16 x20 |257 UY, TBO eractrae steno sg) ayaeiomerent No 138,040 | 812 
Pllan|t 1,050 705 82,740 810,365 | 805 
847| 1] 2|M| P} TP | 1,050 705| 7| 16 x20 1257 BC 248, 040] {30°—36° B; S <1.0% No | 2,815,400 |1,662 
Ash <0. 05%; BS&W<0.3% 
1144] 1} 21M| C| TP 210 141) 3} 14 x17 |300 167 {1931 {5,320} 800)..... 0} 1,396 |) BC 37,907 No 440,100 | 550 
2) 21M| C| TP 420 282) 6) 14 x17 |300 353 |1931 |3,564 802 lx 0} 1,674 |} C&F 54,233] + 28°—32° B No 644,500 721 
3] 2)|M| C| TP 420 282) 6| 14 x17 |300 353 |1931 |3,533 O88" 12 bus 0} 1,590 54,425 No 645,700 | 692 
Plian|t 1,050 705 873 DINGY Gal riya 0) 1,559 146,565 1,730,300 659 
56} 1) 4, A TP. 500 336 5) 17 x2441200 438 |1926 |2,872 478 436 0} 3,004 ca 57,326| 28°—32° API; 5|0SSU @ | No 68,900 |1,398 
2) 4, A TP 500 336 5| 17 x244/200 438 |1929 |2,853 493 452 0} 2,893 54,422) 100 F; 0.01% 8; 0.01% CC; | No 682,299 |1,383 
Pljan|t 1,000 672 876 971 888 0) 2,945 111,748] 0.0008%Ash; BS&W-Tracje 1,351,199 1,391 
801] 1) 2} A] P} CH | 1,000 671} 4] 203x26 |180 937 |1927 |7,329) 2,150 |..... 0) 3,409 | BC&S | 366,030} 22°—26° API; 1.0%S Yes} 4,428,200 |2,060 
35.2° APT; 41 eat 100F 
1061] 1] 2}M| P| TP 980 658} 7) 16 x20 |257 975 |1930 |4,104) 1,989 }..... 60] 2,020 | BC&S | 196,725]; 0.282% S; 0.01% No | 2,256,400 |1,135 
Ash— Nil; BS&W erie 
53] ¢] 2|M|C} TP 200m} 134) 4} 14 x17 |257 170 |1923 118 Bluleeaee me CPM SI. Ul iareatoe No 13,350 | 262 
2| 2|M| C| TP 300m 202| 6) 14 x17 |257 250 |1925 318 NS So ee 5 623 SOR ee aan ate 23.5° API No 48,610 | 317 
3] 4] Al. .| TP 400 269) 4) 163x23 |225 338 |1925v |7,350| 1,194 334 60) 2, 460” Rt eee, No | 1,306,940 |1,092 
Pllan|t 900 605 758 TeB083| ae 70} 2/185 125,025 1,368,900 | 979 


TABLE IJI—ENGINE DETAILS AND OPERATING INFORMATION (Page 4, Continued) 


LoaDING 2 2 ry 5 $ MAINTENANCE AND REPAIRS ATTENDANCE 
sas |S j2.18 
Ze lets] | s | 4.| 2. 28s ee Bley = 2 
2 |S od legis] | & | st) Seibel | 22 Bee (4 q (eelgce| |. |2\t | 
. 13 a |83/z a | 28| eslseles| 84 a=3 |8 6 fatise2) 318 | 5/3 ls 
a | ees toslg] 8] 2 | e8| 2228s) gee | Ses [EE] £ 2 ebiees| 512 | ele |3 
S\Sz| E4Ssgae|/5| & | 87) ST ISSIS4] ses Hy, oS» é Segal) ats | Bla ly 
Blas] Be a@clesie|e| @ | eh] eo leeles| S42 Sa, i283) See % leseee| sk | eieelh | . 
% \85| 2 st less] S| B | GS] BS lESIES) 384 ne |23> £2538 E fselgee| 2 (gel | zH/3s | 3 
Z(G) BF klass| =| 8 | ge] SE SSs pail Orr (eek gays Belealesel 2 l23| S| ke /Es| £ 
S25] SL SSISIS] | 5S | dy] Se leelss agt| FERS Bgiaciazs| @ S| =| se /=e| 2 
8/88) 2S S35 Seis] =| a | 82] £4 |2s|28 xtra | Mate-| Extra Sc 5555 S3lzklaes| % [s4| 3] 2S/ 25] 2 
e(Ss| gs =o ASS] 2| B | <8] £8 [58/55] Mate | Bee | ate eee oe #883 SBISEISE2] 3 138] o|/83| 8's] 5 
je lee| oe al jasial a} & ‘6 | 25 |Zx|f.2] rial | Labor} rial | Labor |& em Seaee zalealeea| 2 \zSZ| z2\6z2\ee| = 
325 |69.8/56.3} A] No | | | | 1) 65) 0 725 
205 |69.8/53.2| A] No 80 ——_——__ Spray Valve Parts 0 0 0 | 313 8/1 
109 |29.4/23.9] Al No 0.06 1 5 0 313 8/1 
0 |31.5]....] A] No I 0 0 0 | 313} 8/1 
57.8} 630 D-F 90} 110; F | N 156} 8{|1 230) 572 
3 69 |35.3|30.1] A] No ( NL: Seep Bee eee 7 |e 0; |aco 886 
ae 4 138 |29.4/30.3) A] No ————_ 2, 386 1.83| sie evereae 0 0 120} 313 Sia 
9 193 |35.3/28.2| Al No [\ eveceesteyececennte 0 0 600} 313 8) 1 
6 307 |73.2|53.5) A] No W358 seca 0 0 0 | 313] 8) 1 
40.7| 307 TD eh oe NIN 156 | 8| 1 99|2,970 
8 180 |75.8}73.8| A] No 101 0 0 0 | 0.37 |(Piston Rings & Piston | 0 0 60) 340 | 8} 1 13 
1 140 |73.5|76 8)A | No 103 0 0 0 | 0.52 |; Pin Bearings 0 0 35} 340 | 8] 1 
f 875 |73.8|54.9|W] No 225 0 0 0 | 0.30 0 0 120) 340 8] 1 
) |56.4| 375 A 80| 115| N|L 0.35 Za Si) ak 132} 70 
rtf 420 |69.8|72 8] A] Yes 0 0| 420] 140 0.93 | Exh. Manifold Failure | 1] 316) 0 16 
4 160 |35.3/35.1| A] Yes! 0 0] 312 95°| 1.70 | Piston Rod Failure 1] 288) 0 
‘8 240 |35.3|35.0| Al Yes 0 0 0 Of ee} | ae eee 8 | In 
| OTL O) eee MUR Hee SO REO NTN Lee eet mt | we OLST | ee) te Batters SN teres 1,100 
Mac hos 69.8 Ale. «| iaavevern | aeteys Pavecsiacallle ers 2 17 
ee iaiate 69.8 At dj heaped kt earl le Bera 
2 59.2| 870 TOO ioe 
We, ora leeipopsll allaneal eH 4 UP AE yee ey tel Remco sondot baoccd occ Bead ruber pesca haroc 846 
oa 650 153.6153. 2/0) Noi | f 2 fh PR FF FINO LSD] occ ee cle seen die mae] e teeta ess peewee nfenen 
CIES TCONIMR EN Mies |CBie We 70s SON NaN Clam M ee NE en eee Ril Te lige ee Sel eqs le tes 2,300 
-6 |68.5) 770 |57.5/54.9] O} No ed DR coin w wins clen’pintcissvicle wreieoif nis ellis. braWe\[\ate. wisn fivlaisioce Ya 6 (Se 4,100) 889) 
510 |74.6|75.5| A] No 197 0 0 0} 0.26 eee Rings 0 OF esoreter- 980) 
“ag 320 |71.2/75.5) Al No 132 0 0 0 | 0.29 0 OQ) feacee 307 8b) 2 
51.0} 510 A 70 110 | N 0.27 187 8} 2 97 15 
.5 173 5} 800 |57.5|57.1] O| Yes| B-F 90} 110|N/F 800 330 0 0 |0.94 |/Spray V. P. and Sle.; 0 Sclin |..... 1, 1001083 
\1-Cracked Cyl. 
0 300 173 .2|52.2| A] Yes 0 0 None __ 0 330 
2 170 |35.3)37.3) A} No 553 184 0 0 |J0.63|) Piston Rings & Gaskets | 0 8 | 14 
3 50 |29 4/21.9| A] No 0 0 Piston Rings & Gaskets | 0 8] 1 
5 120 |29.4/26 3] A] No 0 0 Piston Rings & Gaskets | 9 Sit 
- |37.1) 350 B 50 9 | NIN 8} 1 874,551 
4 400 |53.6|57.0} O} Yes 5 Piston Rings 6 2 10 | 1 878) 
0 120 |29.4/26.3) A] No 1,273 —————|}|1.10| |None 0 2 10 | 2 
2 275 |69.8|71.4| A] No 12 P. R.; 1C. B. 2 p 10 | 1 
75.3} 700 D-F 85 110; N|N 77 | 8b) 1 139|2, 163 
7 200 |77.2|76.4| A] Noe 64 0 0 , ' 0 616) 
6 50 |29.4/21.9] A} No 911 0 0 0 |40.91>| Piston Rings 0 
al 500 |74.5|74.0)/W| Noe 64 0 0 0 
59.0} 500 B 90; 120;|N{|F 98 15 
4 0 |29.4]....] A] No { hag aw ame qecetecen ace 0 887 
1 180 |54.7/33.4|W} Yes -63 O67 eclersteteintesietecoreita tice 0 
0 340 |71.1]65.5| A| Yes opm MGT 1 MUI) ell oss conaesenceecente 2 
36.0) 340 eH Pars ceeialinia otras NIN 124/4, 082 
22s Mla eee 64.6 .| Al Yes 124 444 0 CON ae SS Ve Sse Sere ct ec! 0 OM scrsictotel eta sare [ocd scelf sip! 78 
| Es) Be 66.7 .| A] Yes 295 628 0 C4 ee 10 Ie Sane donctaconen occ 1 72a) tome ocean Sere! Beers 
54.2) 835 A 72 9 |NIN 1.41 365 | 6e) 1 256] 172 
) 135 |29.4/29.5) Al No 380 0 0 0 | 1.90 | Rings and Bearings 0 0 320 519 
200 |29.4/29.1) A) No 227 0 0 0 | 0.76 | Rings 1 4 120) 365 | 10 | 2n 
390 |53.6/55.5] O| Yes 3,418 0 0 0 | 6.10 | 4 Pistons; 4 Cyls. Bored; 0 0 690} 365 | 10 | 13n 
Main Bearings; Rings 
57.9} 390 A 70 sO; NIN 3.80 BOD se LOM et [ere rece 500 
7 425 |52.9]/63.9| O| Yes! 0 at 0 0 a None 0 0 168} 365 ha 203 
7 425 |52.9/63 9] O| Yes 0 0 0 None 0 0 120) 365 8] 1 
51.1) 450 D-F 103 107| N|N 365 8] 1 167/1, 100 
Al 130 |35.3/32.6) A} Ni 0 0 0 0 0 |(1-Piston; 1-Cyl. Head; |--..]....- 29 259 
0 ne 85 .3]25.5) A No 14 11} 297 16 | 0.94 |, Bearings, Gaskets; etc.|..--|...-. 338) 365 | 8 | 1 
9 200 |46.0}28.6| O} No 82 0 0 GOO 2 7e | ae  e e raeeleen 139] 365 8} 1 
52.8} 210 ic 100 110| N|N 0.40 365 8) 1 84/3, 467 
.4 163.4) 700 |57.5/57.1| O| No| B 70 9| NIN De O77 —$- |] 1.08) ovine cnn steer cisnw'e seen cre eacien| eccrine cic Selicke Wan as 2,000} 847 
a7 125 135.31381.3] A) No] «| | Jone ce cpa c cece epee ete n [eee ene f enc eeclecerecesccreresscccees 0 0 20] 308 Sie 1144 
1 Sip Pras TAT Eat Oe lt lieben We: ial eee el b.tee ol Rocce Comet! Pere bere fest eS ee 0} 0 30| 309 | 8 | 1 
28 250 |35.3/31.3| AP No i-Cyliniders 5s osscessoe 1 2 28] 308 | 8) 1 
62 9} 515 Cc 100} 1200|N|N : 200] 8] 1 183) 800 
4 400 |71.2184.8| A] Yes 1-Connecting Rod Brg.| 0 0 336 56 
2 400 |71.2/84.8] A] Yes ge & Cooling Coll | 9} O} 336 be : : Sie, 
A 60| 105; N]L 2-Rings ; 435) 85 
Wed Cyl. Liners; Oil Filter; 313 | 8 | 14 
.0 190.0} 700 |62.5/65.2)W] Yes} A |......]....-- N | N | 2,062 348 0 0 | 2.41 |; Piston Rods; Piston| 18 | 141)  582|;313 | 8a} 1 420| 591] 801 
Heads; Rings 156] 8] 1 
vem Mahal se ay 3 | 273 16 348 3 ie 
. ; 7 ; D ROM LOGI Nal ON loakcs dleeteceolt comes sem onlaeeses ‘am t Previously 6)4348 Ui aceel cee 1061 
5 |83.5| 700 |53.6/57.0) O} No Tastalled 51 oer 
2 0 0 0 0 0 | None 0 0 0} 321 8) 1 53 
, See eeetil al ie 14 o| o| 0|0.05| None | | 1| 2| 12] 321] 8| 4 
1 240c|73.8/65.9} A] No 1,933 567 0 0 | 6.25 | Rebab. Main Bearings | 13 | 46 | 1,364) 322] 8] 1 
66.7) 500¢ B-F 77 110| N| N 2.79 131 8) 1 150/1, 650 
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ee 


Enorne Data LuBRICATION Fur. 
Tale Se 1 | | | | a z 3 BCG 
4\| 2 es 5 |? 18 § z Soe 
Slo] 4 se > = Ss ace 8 =| 3 ise) om 
s\é| 8 Selel 2f 4H |~ |2 | sels,l2 | 8) 3 | & 5 <)|* oe felewe 
g z x ieee i) | Ry 5 3 |B el © a = z , &, 2 
el Wa © Les f=!|la Ses) bo oH 8B) 45 |s8/4 Rel S © id i=! 
S| 18lS] 5 Bs 18] 37 em pei (ues 30/4 Sc |) 2 i = 2 | 23 
= |aliziel © |) Se tel el | SS eel SS aS ae) Bele 2 = 4 |e 
glElelsie] ¢| a |Ma ld] 2 [S| 8 |e | 85] 8S /eS/S8] S| Sel] F Ee | 2 8 
elgse@lae| = | eels} 2s 14] s | eu/ee| ge ladios| gal] 28] 2 sg a1” 2 gee 
zeSisel=| = |e ls] 82 |=] @ | at]28) St] =e] =e] ge] f2| 5 2 3] 3 |@s 
~ $i oO ty a] ee : . 13 5 
2 ELE) S/S] 8 CF | Fee Ae | 3 2 Belen) Seseesais 22 | 52 z £8 ee 3 ea 
Elsegl2| 2 les] 32 |2| & |£s|2| 28|salse| a5] 32] 2 38 chee 
ee eee eee ee eS SS EE 
177 2|M| P| TP 900 605} 6] 16 x20 |257 1933w |3,384) 1,300 |..... 200) 2,342 CC 131,336! 27°—30° API No | 1,635,670 |1,258 
27.8° API; 0.51% S; 
260| 1| 2) A] P| TP 900 605] 6) 143x21 |257 232 Tl eras 2,393 CC 19,399 ‘Ash—Trace; 0.6% Bi Yes} 180,000 | 776 
Tank Wagon ha Beto id 
560| 1] 2)M| C) CH 200 134] 4] 124x134/327 { a Baca ee Seeasieis NG |e 
2) 2|M| C| CH 200 134] 4] 124x134/327 AGGAUN Weel) listeners 0 CORA: a incn et 32°—36° API; 0.07%58 No}... 
3) 4) A ae 500 336] 5) 17 x24 |200 48 bone O1F0, 445 0 Pibcedacoaer Delivered Partly by: Tank ONO'S cstte's stetn|i eee 
Pljan|t 900 604 900) | sctrers 0} 3,011 93,537 Truck 709,290 | 788 
848] 1] 2)/M| C] CH 450 302] 6] 154x16 ]277 | 375 |1931 |5,021).......Jeeesefeeeesfeeeeees \ 8 sosalelatecclers \ ao 0.08% 8<1.0% 
2| 2|M| C] CH 450 302] 6| 153x16 |277 | 375 |1931 |4,776).......Jeereefevees[eeesce}) Jen snne nes Ash <0.05%; BSKW<0.3% 
Pljan|t 900 604 443.15 [orotate sietelae 995 207,919 1,880,400 | 425 
1065| 1} 2)M| P|} TP 900 605] 6] 16 x20 |257 208) tein 60) 1,493 | CC 16,350} 28°—30°API; 0°F Pour Test} No 221,120 | 874 
189] 1) 4|M]..| TP 550 369] 5] 17 x24 1240 808 | 303 0} 5,500 |) S& }......... No 960,540 |1, 187 
2| 4|M]..| TP 200z 134] 2| 17 x24 |200 75 75 0} 1,798 (eR) ee ers 28°—30°B No 50, 280 670 
3] 4|M]|..| TP 100z 67| 1) 17 x24 |200 0 0 Ol scmrereel pee | Bilineaererset No Opens 
Plian|t 850 570 883 | 378 0} 5,190 120,968 1,010,820 |1,144 
153] 1} 2}M} P} TP 840 564| 6] 16 x20 |257 150) | cetepietisieictere|| stereraictarr| sloveters/ars TOs Ot ae she ainetetetc'cio'd aie niee | tee 81,080 | 541 
494| 1] 2)|M| P| TP 840 564] 6] 16 x20 |257 337 | 337| 50) 2,123 | CC 32,440) 28°—30° API No 376,760 {1,117 
619| 1] 2)M| P| TP 840 564| 6] 16 x20 |257 613 |..... 70} 1,421 cc 30,500) 28°—30° API No 402,770 | 7865 
855| 1) 2)/M| Pi TP 840 564] 6) 16 x20 |257 GG 7ialeteretotal eteteete 5,670 | Cent.| 150,531}/ 30°—36° B; S < 1.0%; No | 1,266,600 |1,899 
Ash <0.05%; BS&W<0. 3% 
35.1° API; 41 ye @ 100F; 
1056] 1| 2)M| P| TP 840 564| 6} 16 x20 |257 O16 Psa 0] 1,980 | BC 39,467|; 0.3% S; 0.01% C No 425,890 | 826 
oe i; BSGW—' Trace 
731| 1) 4) A TP 825 554| 4] 23 x32 |164 Z 1,686: |.5<.-|.0.6- 640 we s 44,190) 32° API; 0.5%8 No 478,260 | 293 
853| 1) 2)M|C} TP 150 m 101} 3) 14 x17 ]257 | 125 |1925 | Ia). ... ce efe eee e]eeeee[eneoees § eis .|) 30°—36° B; S < 1.0%; NO ac. nah ices leoene 
2| 2IM|C| TP | 300m} 202) 6) 14 x17 |257 she &F }.. -|p Ash < 0.05%; No see 
3} 2)M| C} TP 360 242) 6| 14 x17 ]257 | 800 [1926 | S10)... ce feeeeefeeeeefeces sent) Ja oes cases BS&W< 0.3% No}.. ; 
Plianjt 810 545 11,687 
648] 1] 4)M|..| TP 400 269} 4] 17 x24 
2) 4|M|..| TP 400 269) 4] 17 x24 
Pllan|t 800 538 
112] 1) 2}M| C} TP 200 m' 134] 4] 14 x17 67! 
2) 2|M| C} TP 240 161} 4] 14 x17 2°—36° API 80. 
3} 2|M| C} TP 300 m 202] 6] 14 x17 55: 
Plian|t 740 497 1,193,300 | 70 
1128] 1] 4|M|..| TP 125 84] 6} 8 x103/400 |........]1982 |8,670).......]..+-. 36° API; 36-49 SSU @ 60F 149,430 |.... 
2| 4{M]..| TP 300 202] 4) 134x174/327 |........] 1082 [2,420)....... 0.19—0.21% 8; Pte 5 
3) 4I1M|..| TP 300 202) 4) 134x174/327 |........]1982 |2,002)....... BS&W—Trace ESA 
Plian|t 725 488 619, 650 |1,90 
67| 1) 2}M| C| TP 360 242) 6) 14 x17 |257 23° B; 52 SsuU @ 100F; 512,820 | 49 
2| 2)M| C| TP 360 242) 6) 14 x17 0.005% 8; 0.037% CC 320,080 | 52 
Plian|t 720 484 832,900 60 
30.1° API; 34 SSU @ 100F; 
170} 1) 2}M} C} TP 360 242| 6] 14 x17 0.8% S; 0.015% CCe Fh | Notley scape cae] One 
2) 2}M| C| TP 360 242) 6) 14 x17 Ash and BS&W—Nil ssiei@antna cate |eene 
Plian|t 720 484 (also Some 24.6° API) 814,242 59 
Delivered by Tank os 
394] 1| 2}M| C] TP 120 81} 2) 14 x17 sfeceee] 210 7) | AU UU eee : 79,040 | 53 
2) 2)M| C} TP 240 161] 4] 14 x17 ol ntpOCO Pk (Ne AO SOLU lara i 426,850 51 
3] 2}M| C] TP 360 242) 6) 14 x17 |: ee Ae ‘5, 400] oo eat ee carne ae Sere 57,010 | 29 
Plian|t 720 484) 1 ee et 1690) 1 SS Seal siete a ci sieis 562,900 | 48 
Pantaters'| sce ‘ sieve nists a shee 254,000 |.... 
“nein sulfers : I; 50 issu 100F; 660,300 |.... 
eas 99,360 All—S< 0.33%; C<0.38%; 914,300 | 74 
Rens ree 25% 
2 
718| 1) 2)M| C| TP 360 242) 6] 14 x17 36SSU@ 100F; 0.7% & 313,990 | 3 
2) 2)|M| C} TP 360 242| 6] 14 x17 0.01% CC; 0.001% 415,980 4( 
Plian|t 720 A842) | SO 1 COO a Ds COON rearera llr ee 38|| BS&W—Trace 729,970 | 4! 
19} 1; 2)|M une 100 m 67] 2h TA KV FOBT oS oo csc ove ag kil arotmlale | elerelateie o\] ofeisisie'l .cjateie|t «ieraie'o es | aieiniaiaisi=|| clale é ecahblNla‘acaselbve, cjeibinretale evolu elevole oi e/eral deter eheteie ls av xraipmatereacs | ERE 
2| 2|M| C} CHa 240 161) 4} 124x13})3: 5 7 Ge eee eeedodel acco Agnes) Senccnn) Cooours nooncoo 4 rina Srosesr qoocracoucg Soto or ey or onic oe) fore 
3} 2|M|C| CHa| 360 249) 4|) 164216 1275 |e ccescs(1Q27 || Sccualeeonues|eoen oes ce) oteieine| cmeetinn | asile sie ell dara slastanie sranie(eiaibet et nents | Dalal tiene nantte baat 
Pljan|t 700 AZO NG he ee teed ale nll peed | eer SO4us cetera cds 629,550 | 4 
274| 1) 2)M| C| TP 350 235) 5] 14 x17 (800 | 291 |1932 |6,984).......).. 32°—36° B; 0.25% 8; =| Yesl.........0e[eee 
2| 2)M| C| TP 350 235| 5) 14 x17 [300 | 291 119382 |6,984).......].. ne a Salf OSU BSaW ~ 1° | “ell Westedetresmns al 46 
Pllan|t 700 470| Vel oo We ee | ea, B82 eal ee wale Tenet pORD uber s ase é 2,305,000 | 7 
368] 1) 4) Aj..| TP 400 260} 4] 164x23 ]225 | 340 {1925 {5,918} 974 )..... j 1,366,000 }1,4! 
2| 4| Al..| TP | 300 202| 3} 16x23 | ee b &F 75,526) 0.648% S; 9.026% C 926,000 |1,3 
Plian|t 700 COUR Me SG el el all Ris OR esr ecicicial Ici xc 183,251} Ash—Nil; Seis 2,292,000 1,2 
851) 1] 2)M| C] TP 300m} 202] 6] 14 x17 |257 |} 250 {1926 | 219)..... ABE Sci 30°—36° B;S< 1.0%; | No].........0e}eee 
12 i C| TP 360 242) 6) 14 x17 1257 | 300 {1926 | 424)....... ; we deen otal AME ec 05%; BS&W<0. Bl NO | snake eeee fen 
Cae ety 91,800 | 4 
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ASS 


LoaDING S| wo w Is Is MAINTENANCE AND REPAIRS ATTENDANCE 
* S = = ° 
a4 => e | iar slr 2 
3 2 |18/3 & | 8| Bu lsel2 2 le le Bess = g 
Bi) ib las S| ae | Se eels _| 28 fee |8 e |Esleze é\) |2 
3) | |ssle a | 2es| eglscies| Se axa (8 & |g2|223| 3 s|3 |z 
2 | Sp = els] S| 8 | 22] 2288s] gee ges |zs 2 2 |S] l28=| = B\ 5 1% 
S Ss A188 aera 5 2 S 2 a S\42 as ens 3 & S| = 2/35 S - rs 
Boe) Eo \ecezls| 2| 2 | 84| Sh ieelee| Fee se) (82) “ze 3 |eelessl e\8.| 1 
S |ead|2 al 3 2) E S| Fa @ 2 Ps) ooesS 6 |.g nat gs 3 5 
Ag =3 Re rd eel ee bs bg sels=| 834 oss |e £Ag 8 Se|eel\ece| 2 |ES| =F =5\= 2 
x Cae By a Bis |0 i & ee ee eles EEF Ass BE £2 ESE R 2 = a 2s = 
]sfes| 2s BsiScis| = £2 | 28 [22a ast 555s sslgelees| 2 ls2| 3] EX 25] = 
Bs |5s| 35 =S|=S\3| ¢| B | £3 | Se |Es|S2| Mae] Pe Mriieless| Ses 33| 22 (222) < \sg| s|Se|2s| 2 
28 |\2E| SS la llaSle| 2] & | 2S] 23 Ex |£e] mal | Labor} rial | Labor |& 2p Senne Ze|egleoe| = l2Z| 2z|6zlae| = 
5.9 79.9| 600 |57.5/57.0| O| Yes 110|N|F 0 | 0.63 | Spray V. PL & Casings} 3] 6) 44/.....]....]...-]-00-- 1,100} 17 
8.3 |48.3| 575 |64.4/61.2| O| No JONCEN WON) fxricncmalintedstalas sho claaseenlaaes Rings, Fuel Valves,ete.| O| 0 |......]....-|.---]-e--[eeee- 4,850! 260 
120 |37.2|33.3| A] No 1.19|| Piston Rings 
120 |37.2/33.3] A] No { } Piston Rings re 
320 |72.6)69.2| Al No 0 | None 
ree va crn ons N.| oe eel) | pee te PLL IE 6) ts fc. 35 
260 |36.7 DENG Ie Bl Min ee db ee EE roy NIN © Al oe ninwinwastiele sevens apalonsel sen aelsaaaa 
260 |36.7 OVENG)|) ean eee ee ee |) oe) | Leg BL RIP as BOT... civs-«cusdeiwecwce dal eel mainpipl tac i 
520 . «+ [3,900 
550 |57.5|52.3] O} Yes 0.53 | Spray V. Pl. and Sle. | O} Of 240).....]....] Im]..... 1, 100| 1065 
2.2 300 |66.7/54.2| A} Yes 189 
‘5.7 125 |72.6|67.7| A| No No Major Parts 
0 0 |72.6]....| A] No 
32.8} 300 109]1, 850 
ty las Oe ONE St Ol ces Nace arse le gotten letcmiccls cme beuies)oetames lantanmalenkeselaseccel acces lene nvmpepncdewip ene wale ees slunasaheasdsel esse sis se el apa 14|.....] 153 
8.4 |78.4| 550 |53.6/52.3] O} Yes 0 0 | 0.35 | NoMajor Parts | O} O|  265).....) 8] In}j..... 1,100] 494! 
62.3 182.3] 660 |53.6|/53.2)} O] Yes} BF | 90] 110};N|N{ 100; 102); Oj| Uj 0.24) Master Fuel Pump {| Yi Yj 4W).....) oa) in|....- 1,100} 619 
19.8 [49.8] 470 |53.6/44.7| O} Yes]...... _ —eewererermm—} £90! |e oip veissiecicscdoascwesenlseeelsecesitearerinaccs] OFF 40 [osuceli soos 855 
1-Set of Main Bearings; 
12.3 162.3] 600 |53.6/56.9] O] Yes} D | 105 ]......] N |] N [.------[eccececleeeees[eeeeesleceers 1-Cam Shaft (at Mfgr’s}| 2 | 681 |  154/4348 | 8 | In|]..... 1,200] 1056 
Expense) 
8.0 |68.0} 600 |74.9/81.1)W] Yes} D- |......]...... 31] 865) 731 
.| Al No 853} 
Al No | 
A! No 
30} 2,070 
4.9 200 |64 A| Yes Ne No Major Parts 648 
9.6 200 |64 Aj Yes is) ee OL Ra) aenod lances eae 
67.6] 400 0:22'}%, Wy eee a ee ee ee tae Tee 1,100 
5.3 130 |29.4]28.5) A] No 1-Main Bearing; Piston 112 
1.6 145 |35.3/31.8] A] No 0.46>|; Rings; Gaskets 
6.0 190 |29.4|27.7| A] No 0 
63 1) 400 126 | 845 
3.5 90 |78.1/83.7| A] Yes 0] None | OF OQO}...... 1128) 
».6 220 |75.2/81.9| A] Yes 0] None + | @} @{...... 
7.4 210 |75.2/78.1| A] Yes 0 | None OMe Ol eee a 
46.4) 260 61 |1,000) 
5.2 210 |35 A| No aa, (Rebbe S-Bearingsee |asesdeacesd sane» 67 
1.5 210 |35 Al No Rebabbitted = fue fencacfeccne» 
TEAM Mim PhS FOE N GLEN i) CEP emi meyt Peet | of) Oe eee Ri | O48 Oy am, Trece'e 860 
Sete atays 35.3]....| A] No Bal Aecddud honed Bonood SAsoed pees jt Mat rc ae oe 17 
- aA 35.3 FUSSY) Le 9B esagae ccc 300 longed odd faponed 
Perc mae CR Gere SSB 7100) N TEN | S| POM Oe Nceeef oe PR CR RG Rf freee 50 
7.5 65 |35.3|28.3] Al No 18 394 
3.0 140 |35.3/30.7| A} No 0.79 | 2-Conn. Rod B; 1M.B. 
7.3 170 |35.3}24.8] A] No 0 A 
45.0) 170 53/2, 650 
12-D.8. Rings; 24 Inj. 527 
53.8 260 |35.3|3 Al Yes) Nozzle Tips 
8 260 |35.3/3 A] Yes bene 
42.4] 330 0.41 99! 750 
8.0 200 |35. A| No 1.06 |(See gg 15) 718 
0 200 |35. Hgts tn Rn Ry a | A See er co ; 
cl) PDN) OS IS G0 0 3S Peal teers 75/1, 200 
Mase 2 29. prAt. = Reed soon 4 Fsoree ldacod (ecodos Gpunicoct spancer nas SRSA ery eee peer 19 
tae 45. .| Al... nod! Beocsa Brcead Sesoag BegeT osc hrasgeseyon 
Bee, 44. Al.. , ee [REE RoR act vino occa los cece ace soeee mer aeiee seas sieelletriea|wetsns 
185 Se IE e eet, me et PR Oe eo A aE stein DEI aous 
215 |35. A (ear Rod Bearings; 274 
215 |35. A Gaskets 
ee Se Bel CO bets toa. aM Sb} LL Miagieoee ty Fe i Pe I ieee eee 700 
58 272 |73.8 A 1-Intercooler Tube 368) 
Be. 200 |73.8 A Blowout; 1-Piston 
184.4) 472 342/1,400 
ol) RSS 29. BCA 0S al EOL cr ene sinein cn ssnis rare es |ecee len cen lar ase's 851 
enase 35. .| Al tee 
62.6} 490 24/2, 500 
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Enoine Data LUBRICATION Fugu 
ala] 3 < ele |a_|2 ¢ |3 
$\3| 4 BS 3 ie 3 Seale §| pet Se a 3 oH | Sa 
1G] & Sbizi 23 4 8 Bes Sue Ball a 3 = 3 = Bcc 
a| |B = f a |5| & | 3 fs 2S lee 0 3 3 : S to 
S| S18] 6 2 |S] a4 » | & | 8 5 |3/3 ee] a is) 50 iM Pa =| 
a| |Slz] 3 Pel] 2. || € |& 18] es 8cl3_| 22] 3 5 (tM 
ElSlelela| ¢]| a | MaiS] BS | a] 8 |e | 85) aS jesies) He | S.| & as Si) Se lees 
giz) 2| 2 | e2(e] G2 [S| &§ | Su [e2| 22 eee] Ba] 28] 2 38 5|" 3 | Bs 
Zz Be A SSiel & = 4 §| os Is8| 58 S 3 a, 3 
eleigl4| = | Sete) 22/3 = | se|Se| ze lez] 25) 22 Berlina rf 2] 3 |g 
op oul ae q ~*~ a 3: wey 2 3 S 
Algiglzié|é| & | S8lzl 8 |8| & | Ssl\as| 8&3 S3/55| 8s] 32] & Ze 3 5 5S 
EE —eeeEeEeEeEeEeEeEeEeeesesesee—————____nnnnnnnnnnnnnEEEEEEEEEEEEEIEIEE TERRE REESE | 
810} 1] 2}M|C| TP 150 m 101} 3] 14 x17 |257 125 |1920 19 231 Hy A No 570 
2) 2|M| C} TP 200 m| 184) 4} 14 x17 |257 170 {1919 110 None 1,856]} 28°—30° API; S < 0.5% No 6, 600 
3} 2|M| C} TP 300 m 202 14 x17 |257 250 |1922 238 4,607 No 24,730 
Plian|t 650 437 545 6,694 5 31,900 
1146] 1) 2}M|C} TP 140 94) 2| 14 x17 |300 111 |1931 BC, 17,500]) 28°—36° API No 162,900 
2) 2)M| C| TP 210 141] 3] 14 x17 |300 170 {1931 8 10, 145]> 0.5% 8 No 100,400 |.. 
3] 2}M| C| TP 280 188} 4) 14 x17 |300 230 |1931 &F 2,860 No 231,700 |.. 
Plian|t 630 423 511 50,505 495,000 
529) 1) 2|M|C} TP 100m 67| 2} 14 x17 |257 75 |1922 |1,230 BC 4,893 
2) 2|M| C| TP 100 m 67| 2} 14 x17 |257 75 11922 {1,326 BC 4,965]| 32°—36° API 
3} 2}M| C| TP 120 81| 2) 14 x17 |257 90 |1927 |4,272 BC&F 17,98 
4| 2|M| P| TP 300 201) 6} 103x12}|/360 250 |1931 |4,482 C 42,075 
Plian|t 620 416 490 69,918 558,084 
359) 1] 2i|M| C| TP 240 161} 4) 14 x17 |257 200 |1929 |3,119 } F PAVE GG AAS QdOGOrGS ONCE ONC OBDOROUGS No 138,800 
2| 4|M ae 375 252| 6) 12 x15}|/360 310 1932 |5,641 AG 20G] ccs @niateranevatene a stern cnateiets Minato No 371,200 
Plian|t 615 413 510 65,929 510,000 
431] 1] 2)M| C} TP 100 m 67| 2) 14 x17 |257 by |b ercd oanodd eonco Woduds beoccod Whew = loretod.c NGO] Ss hiaces camel Ceres 
2) 2)M| C| TP 150 m 101} 3} 14 x17 |257 25s LQ 2B ia eetellererorerecete | levsrtavel] sretetets |. srofeisreiaes Ba Dice ceticas 34° API NG) since decd sioner 
3} 2|M| C| TP 360 242| 6| 14 x17 |257 S00) AOS OP eats icercidisctelliareiserell e/ecvayol areteisroreqel|ipi 0 Mul slataleteretecete NO! nce ce steteate| Cena 
Plijan|t 610 410 500 50,735 451,900 
32] 1) 4|M TP 600y 403] 5) 17x22 |2342 572 |1928 |2,472 S&F era ta 36° API; FOS ah Ash— No 726,050 
Trace; —N 
61) 1) 4|M TP 300 202) 3) 172x22 |225 275 |1928 15,533 } (0,08 WR ccadnns 30° API; 40SSU @100F; | No 651,300 
2) 4|M fee 300 202| 3) 173x22 |225 O75: |IS2S TNS .SOO ls cec. |: crated ee crcteilic svecctslaen |p. CokU Wulltevesaelorete ele 0.3% 8; 0.15% CC; No 608 , 300 
Plian|t 600 404 550 110,379]} 0.25% BS&W; Ash—Trace 1,259, 600 
106] 1} 4) A IER. 600 403| 6} 17 x25 |200 |........ LO ZO 4d2i| 1m: COB! | crerarecel| areisrdee |e 4 OL 00 | are releyniate TAY 092}. ctalerctetare snips aveiare aclaielsbietteetafisretsas 1,570,920 
228] 1) 4 Hides 300 202) 3) 17 x25 |200 250 |1925 |5,198 SB) BIA. sedecae 24°—26° API; Nol: jsickotn gare ane 
2) 4, A Awe 300 202} 3} 17 x25 |200 250 |1925 |5,198 GE Mls. sect ee 150 SSU @ 100F; 1.0%CC; | siateve ise ele hula litareroreee 
Plijan|t 600 404 500 187,000|) 1.0% BS&W; S—Trace 
644 M| C} TP 240 161] 4) 14 x17 |257 196 {1931 |7,217 \ BC 69,970 } 32°—36° B; 0.5% S; 
2) 2)M| C| TP 360 242| 6) 14 x17 |257 300 |1931 |1,543 26,200]! 0.5% BS&W 
Pljan|t 600 403 496 96,170 913,700 
809] 1} 4] AJ..] TP 600 403] 6| 163x24 |200 500 |1923 353 S&F 10,016] 28°—30° API; S <0.5% No 76,300 
1094] 1] 4) Aj..} TP 600 403| 6} 164x283 |225 513 |1928 |1,658 S&C ATs SU Uh iaiote/a\cets) ast ctatotaveteya ays avela claieete No 596, 800 
1096] 1} 4] Aj..| TP 600 403] 6) 164x283 |225 513 }1928 12,606] 475 ].....] 70] 3,290 | S&C] 58,000)......... cece ee sescennaee No 733,520 
410} 1) 2)}M|C}| TP 150m 101} 3) 14 x17 |257 125 {1923 |3,918 198, 200 
2} 2}M| C| TP 200 m 134) 4] 14 x17 |257 170 |1923 |7,850 608, 830 
3} 2|M| C| TP 240 161) 4) 14 x17 |257 200 |1928 |1,421 115,440 
Pljan|t 590 396 495 922,470 
862] 1] 2)M| C} TP 75m 50] 2) 12 x15 |300 60 |1920 AA BY Fee otal totumiatal| oie; sats|| oiseisteatal ll], < Unldaxe late eieratate 
2| 2)M| C} TP 75m 50| 2} 12 x15 |300 60 |1922 985 CCT islannenee 33.1° API; 0.6% 
3} 2|M| C) TP 180 121] 3) 14 x17 |257 150 {1925 |4,345 (1 oll Re aomod —B; 
4| 41 Aj..| TP 258 173} 3) 163x244/180 225 |1918aa/4,950] 752) 433) 169) 1,698 |} = |......... 
Plian|t 588 394 495 76,756 653, 190 
28°—30° API; S <0.5%; | 
808) 1) 2)M| P| TP 560 376] 4) 16 x20 |257 470 |19380 386 BC 8,434 Delivered Partly i in No 106,700 928 
ruc: 
852] 1] 2)M| P| TP 560 376) 4) 16 x20 |257 460 |1928 690 BC 15,720 a outer ae 03% No 174,660 |1,647 
< ‘0; <0.3% 
246) 1) 2}M| C) TP 100m 67) 2| 14 x17 |257 60 |1918 OB sntaeauits 36°—40° API; Delivered 
2} 2}M|C} TP 200m 134] 4] 14 x17 |257 170 |1922 Alisa Partly by Tank Truck 
3) 2)M| C| TP 240 161} 4) 14 x17 |257 200 1929 &F Re Fee 
Plian|t 540 362 430 56,880 
540} 1) 2)}M| C| TP 360 242) GW 4x07. |2570)). a: ce 1930 ie || eer ae 32°—36° API 
2} 2\M| C} TP 180 120 Go) PAST 12075 | cancer LOSS eS oO lien eartalecleterst) Oboe c eUM AMI llevesaPanecaterare 0.5% ° 
Pljan|t 540 O00) Ry eaneee Ailey o'[Gvaremenre 87,120 700,500 | 236 
541) 1) 2}M| C| TP 200 m 134) 4) 14 x17 |257 170 |1922 |2,834 BC 26,132 No 206,500 | 355 
2) 2}M|C} TP 200 m 134| 4| 14 x17 |257 170 |1922 |2,712 &S 25,076|+ 36° API No 192,700 356 
3) 2}M| C| TP 140 94| 2) 14 x17 |300 111 |1981 {5,354 24,145 No 251,700 595 
Plian|t 540 362 451 75,353 650,900 421 
211] 1) 4 TP 510 342) 6| 14 x21 |277 AGS  NLOSZ Mii eiecrcit el grQcaim | atetetets|leveleiats! factists otal urave(ntalers GS NZOM |. dev keds cates tawvethue cone aes 1,151,190 662 
772) 1| 4) AJ..| TP 250 168] 4) 133x174|257 250 |1916 440 } cc 5,530]\ 28°—30° API No 54,770 397 
2] 4| Al..| TR | 250 168| 4} 133x173|257 | 263 |1916 | 428 5,330)} 0°F Pour Test No} 52,802] 391 
Plian|t 500 336 513 10, 860 107,572 | 394 
424) 1] 2|M|C Me 240 161} 4) 14 x17 |257 200 {1929 |4,175 Fr 33,071|\ Delivered Partly by No 309,325 387 
2| 2}M|C] TP 240 161} 4) 14 x17 |257 200 |1929 |4,606 37,996 Tank Truck No 856, 275 422 
Plian|t 480 322 400 71,067 405 
501} 1) 2)M|C| TP 120 81| 2} 14 x17 |257 90 |1925 |2,521 Cc, 11,170 63,845 221 
2} 2)M| C| TP 120 81} 2} 14 x17 |257 90 |1925 |3,533 6 8 15,259 90, 604 177 
3) 2}M| C| TP 240 161} 4) 14 x17 |257 200 |1929 |4,054 &F 29,152 262,600 429 
Pljan|t 480 323 380 55,581 417,049 295 
124] 1] 2)}M| C} TP 80 54) 2) 12 x15 |300 65 11927 {1,181 BC, 4,675 
¥2| 12|M| C| TP 180 121] 3} 14 x17 |257 150 |1930 |4,489 iS) 28,408|> 30° API; 1.91%8 
3} 2}M| C} TP 210 141) 3} 14 x17 |300 170 {1931 |4,329 &F 24,790 
Plian|t 470 316 385 57,873 
\ 
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LoapIne S % w 18 3 MAINTENANCE AND REPAIRS ATTENDANCE 
5 3 
e& | ‘2 sot KN || 
3 a ale 2 g & |F s\z 2 Beieu = Ss 
ale ES) | & | ee] Se lgsie | 8 eee |8 2 |Eeleze 211 |3 
S fe] ‘S|Z4| a] gs ef) 22/2o|\~e Ss a<s 5 & |Smjefe] Bis See ts 
& | ee ele] BS| BS\S3as| Fe ee (|23 8 » |alisss! 22 | ale |e 
>|Se| fe |Ecleels] 8] & | #7) #7 lsflee| EE =e] as Ee, A |sglgel| 2 (2 | s|= |= 
26| Es \fcieslel 2| 2 | 8h] aL lesigs| S83 sel ia%s3 eee 3 |s8lese] = (8 | s/3s| 2 
& | ae Az SAS] a) bo as eS ESTES 3 os 38 oBS one s as SS.8| = 12 S|Sels 5 
if o} SE leelesis] S$] 8 | SS] 58 [selec 3 328 |8 ar E588 Sal aslace| 2 SS! §(cM]/s | 2 
é fa) BF la Siglo] | & | SE] SE lSSes oa eer Fae 5 Eek ae| ea 2s6| 2 [Se] =| 2/33] 2 
om |. ne Be 4 bo bo 2.2) o.5 =. ES aes o|E EGE, Se oS |G 
2/28] 3z ealeels| ¢| & | £5| 25 |E3/E5| ate | eee |watelpuelgac| = S223 «= EE| 3 B/e23| = [Es] S/S) ES) = 
Slee] fo lal leSle| a] & | 235 | 25 lamlez} mal | Labor | rial | Labor/< oo Seen 2a|Sg\ece| & \22| 2|S2/na] & 
x 50 |29.4]14.6] A] No ty) 0 0 0 | None 0] 0 0 810 
8 80 |29.4]17.6) A} No 0 0 0 0 0 | None 0 0 0 
4 125 |29.4/18.2) A] No 0 0 0 0 | None 0 0 0 
49.3) 225 B-F COU LIS eNeT ONG ern et eee [as Toot. 1,500 
1 70 |35.3/26.2 Yes ? 28 0 0 0 | 0.20 | Bearing Rebabb.; Gask.| 0 0 32} 348 | 10 | 1 1146 
8 140 |35.3/35.1| A] Yes 32 0 0 0 | 0 15 | Bearing Rebabb.; Gask.| 0 0 24] 348 | 10 | 1 
9 200 |35.3)37.7 Yes 35 0 0 0 | 0.12 | Bearing Rebabb.; Gask.| 0 0 64| 348 | 10) 1 
41.3} 200 B 100 112; N/)B 0.15 52 | 10/1 39] 800 
t 55 |29.4/24.1| Al No 0 0 0 0 0 | None 0 0 0 529 
55 |29.4/24.1| A} No 0 0 0 0 0 | None 0 0 0} 365 6 | 13 
65 |35.3/28.3) A] No 6 5 0 0 | 0.10 | None 0 0 40| 365 6] 1 
180 |50.8/45.5| O} Yes 24 20 | 240 22 | 1.02 | 1-Cyl. and Piston 1 | 504ee 96] 365 6] 1 
) 139.4] 180 D 95} 115|B)B 0.51 365 | 6/1 53] 700 
‘6 160 |35.3/35.1 Yes) 77 74 0 1) UD ARS Spee sso Sa SS 0 0 8} 365 | 10 | 1 359 
1 170 |78.4/52.9| A} Yes 0 0 | 0.25 | 1-New Oil Line— 5 45 214) 365 | 10} 1 
) }26.5) 170 DRT eeee-- 115|N/]N Improved Design 365 | 8] 1 48)1, 600 
Seioner’ 29.4 Al No 16 0 0 0 | 0.16 | Spray Valve Tips; Gask.| 0 16] 358 | 8] 1 431 
Sans 29.4 A| No 220 0 0 0 | 1.47 | (See gg 16) 2 | 150 30) 358 8} 1 
Seon 35.3]....] Al No 58 0 0 0 | 0.16 | 1-Inj. Rock. Arm;Gask.} 0 0 72| 858 | 8] 1 
i 175 BF | 80] 110) N|N 0.48 21| 8{1 | 51) 212 
vd 
‘8 72.8| 450 |74.6/83.4| A] No| A 95 110; N/B 28 6 0 0 | 0.06 | No Major Parts 0 0 72| 365 | 12a} 1 81/9,200) 32 
3 220 |64.7|70.5] A| No 38 180 0 0 | 0.73 | No Major Parts | 0 0 336) 365 | 8 3 61 
18 220 |64.7/70.5) A] No ll 172 120 73 | 1.25 | 2-Sets Crank Bearings 2 75 408) 365 8 
56.2) 440 B 85 115) T | N 0.99 365 | 8] 4 ]..... 620 
ARSE CO a elirg (ell |e eo Panos loam Inena heasas: Pacsage GSSese Btooes Seeecs Deocdoccsccocacrsietsc.s soo Sons Mekcas eidees tase Boat mit! Banas 106 
200 |69.8/69.1| A] No 150 40 0 0 | 0.63 | Governor Parts 2} 20 40} 365 | 8 | 4n 228) 
210 |69.8|72.6] A] No 50 0 0 FU ets A a 0 0 40} 365 | 8 | 2n 
90.7) 375 A 63 100|N |N 0.40 365 | 8 | 2n}..... 272 
152 |35.3/33.3] A] No 148) 0 0 0 i} (water Piping; Nozzles | 0 ON. aes. 313 | 10 | lin 644 
250 |35.3/36.5| A} No J 0 0 \ and Tips; Gaskets 0 Onesehe 313 | 10a] In § 
59.5| 265 Cc 90| 130|N {N 156 | 12 | In]....- 579 
6 |53.6} 400 |77.1/76.5) A] No| B-F 80} 108|N|N 0 0 0 0 0 | None 0 0 Bees ese cL neces 1,900) s09| 
'4 189.4] 410 |73.8/75.1] A] No| B-F 90 110;N |B 301 111 0 0 | 0.69 | Main Shaft T. B. 0 0 rT) OS ee Bc ea heeee 1,100} 1094 
|3 |69.8] 410 |73.8)75.1] A| Yes} B-F 90 110); N|N 560 202 0 RE 27) oe can corte iets estes 0 0 236 8b] In |..... 1, 100/ 1096 
il VES TPE! a eZ aay ee esas 4 Sabenod Gaoesd DOsRaS Mande Geeeepe cs cess, 0 Oise = 410 
iy CU eee ee PR Ed eg ee Se eed Psose eee Bree 2-Main Bearings 0 ON. fees; 365} 8|1 
re POM SORo DALAT NONE | Tee Ne PP Nal Lajcswiceedcicuicstlwramcsle hla imiacalaie||e se.cisiels ae aie. ctalou/orele wamicialmuNefete 0 OW see 365 8/1 
| 55.0} 260 D 100 105 Ae De te Ree BD AR ans 365 8] 1 99/1, 850 
i 35 }29.1/20.4] A} No None 0 0 24 862) 
35 }29.1/20.4) A} No ——————_ 2, 489 —__—___ None . 0 0 24] 348 8/1 
95 |35.3]27.7| A] No 4.23\| 1-Conn. Rod Bearing 2 |——6524 348} 8] 1 
180 |72.2|75.1| A] No | New Rings & Bearings | 2 |——1,128——| 348 8/1 
44.9) 224 B 90 110|N|N 51 ie (a | 70} 221 
5173.5} 425 |53.6/60.6] O| Yes] B-F 65 75|F | N 0 0 0 0 0 | None 0 0 Ol kn aare| (eile } acess 1,900} 808 
4 67.3] 320 |53.6/45.6) O| No] A 60 80} N | N j———— 114 ——_———_] 0.20 ]..... 0. nee ee ee epee en efeeees [ecto es [occ Feeet ie Oe Sean 3,556] 852) 
58 |29.4]25.4] Al No 0 Gaskets and Mise. 0 0 15 246 
95 |29.4/20.8) A] No 28 15 0 0 |,0.07 Small Parts 0 0 28] 365 | 10] 1 
120 |35.3}25.3) A] No 0 0 0 28] 365 | 10} 1 p 
33.9) 160 B 60/80 | 110} B | N 365 | 4/1 45/5, 000 
260 |35.3/37.9] A] Yes 13 . 0 0 /f0 st Pist. Rings, Gask., ete. 0 0 14} 365 8} 1 540 
110 |35.3/32.1) A] Yes 0 Pist. Rings, Gask., ete. | 0 0 10} 365 | 8) 1 x‘ 
41.0) 280 DAW Ween 100; N|N 365 | 8/1 76| 525 
120 |29.4/26.3] A} No 0 0 0 No Major Parts 0 0 200 541 
4 120 |29.4/26.3] A| No 215 0 0 0 |40.40}) 1-Piston , 0 0 200) 365 | 5/1 
90 |35.3/33.8| A] No 0 0 0 1-Conn. Rod Bearing 0 0 72| 365 | 93) 1 3 
52.2) 200 B 110 130|N|N 365 | 93) 1 73| 780 
Sota Pee OIA ING illtei eras ctteteicl| Siew «cs Patotels [tcrctals [o's oviceb |aerteste| w Te A ERP, Bey ere sess Sao. Sec. cod) Gore) eeiaain Pong see Hess 132};....|| 244 
160 |74.1|/70.6] A] Yes 201 ad 0 0 wey, ie Mayor Parts 0 0 168 772 
‘ 160 |74.1/70.6| A] Yes 0 0 0}; O| 144)..... 8 | In 
73.8) 320 B-F OO NUE TIOLIEN GHENT tec, TRH seme Pe 8 ode i> Bas ok RPT pa eyes. 8 | In]....- 1,100 
160 |35.3}35.1) A] No 0 0 0 0 | None 1 4 192 : .| 424 
47.0} 160 |35.3/35.1) A] No} B 75} 1007) N|N 0 0 0 0 0 | None 0 0 192} 30] 11] 1 71) 225 
220 
40 |35 3/17.4| A] No 0 0 Piston Rings _ o| oO 32) 501 
65 |35.3/28.3} A| No { 545 = 0 0 |i19 P. & R.; Reboring 0 0 96] 365 |5/10) 1 
135 |35.3/29.6) A} No 0 Ojl 1-Cyl. and Piston 1 1/6 10| 365 | 10} 1 
36.5] 135 B-F 90} 110;/N|N 2651 OP oge 1,106 
45 |31.1]25.9) A] Y 40 0 0 0 | 0.50 |4-Special Rings sj. - J. eee Jee ee c 124 
6 100 |35.3/29.2] A Yes 32 0 0 0 | 0.18 | 12-Std.Rings —J.....|..-. «eee 365 | 8/1 
4 120 |35.3|30.0} A} Yes 9 0 0/1,0.04,) 6-sids Rings) 7. ose se chee 365] 8/1 gids 
142.4) 150 B 70 9}; NIN 0.1 365} 8/1 = fy 


eS 


TABLE III—ENGINE DETAILS AND OPERATING INFORMATION (Page 7) / 


Enoine Data LUBRICATION Fugu 
>= ~ . a 8 
2\3| 4 s 3 S 3 2/2 |S. | 3 2 3 H |S 
2| jeic| 2 Belg) as 4 |e le.| B8 (GRE | Fe] 8 e P 3| = | Be 
g| |Slel 5 Le\s| $8 L | 2 |88) 43 legis ge] & 3 re “a 
S| \slel 3 ES is] 87 a | |Se Selizona i ss = 5 
wlal lie] | . | Bete el 1o| So)@ 1e8) ce cleo) mee af 3 1 Lt | 88 
B\slelzi4l ¢| & | (5) 22 |3| & | 2 |Sy| Be eslS3| ce | ee| & ae a| & lea 
B/S Siaio) 3 iso ais 5 Ay ke Gs 68) a8 IazAlos 13 88 =) a 2 2 = 
3 lac 4) 8 Ny B= el (lie tes Ss qe as ke vn Se ro) oO al 
zfeS\ga|=| = | Sale| $2 [| 2 | de [eh] Ss es] e8| Se] ge] Be z| 2 |Me 
zeteigi2] 3 | 2 | eats] 22/3] 2 | s=/S=| 28 geiga| =| 28) 2 33 m| & | g2 
= lelelsie| & é | 88|2| 88 |)8| S&S | ss les} 64 [55/55] as | Ae & 22 2 S fhe 
Le et ee ee ee eS —— ET a ana jin. 
315] 1) 2)}M|C} TP 240 161] 4) 14 x17 |257 200 No 240,200 582 
4 2) 2\M| C} TP 120 81| 2] 14 x17 |257 90 p i 32°—36° API No 156,900 323 
3| 2)M| C| TP 100 m 67| 2) 14 x17 |257 90 1 478 No 21,800 131 
Plian|t 460 309 380 418,900 | 393 
471| 1] 2)M|C} TP 150 m 101] 2| 143x16 |327 94 } 35° API No 
2| 2)}M} C] TP 300 m 202| 4) 143x16 |327 219 2 No 
Pljan 450 303 313 
695) 1] 2|M| C) TP 165 411} 3) 12 x15 |360 150 No]}.. 
2) 21M} C| TP 165 111) 3} 12 x15 |360 150 ae .. «| > 28°—32° API No].. 
3] 2)M| C} TP 120 81| 2) 14 x17 |257 90 iy CH BAB an andanr |45 
Pllan|t 450 303 390 456,140 | 302 
885] 1] 2)M|C} TP 180 121] 3) 14 x17 |257 150 |1980 |6,672).......[...0e[e eee elee cece e |] DUs [eee eeeeeelone alo bia sie plelniaie a INO || aaeieces stale aoe 
2| 2)M| C} TP 180 121) 3] 14 x17 |257 150 y te aiite(eiste aia No}.. 
3] 2|M| C} TP 75 m 50| 2) 12 x15 |300 60 OF) NEAOGSH oo coc orc [cies Mie Poioisin Bi] vince ccoleccil J OGSS LM c¥etaie nfole'atnil ain eforeisiote s.e\0/etssa.01e BABA CE Rosson 
Plian|t 435 292 360 778,200 | 479 
335] 1] 4) A ae 250 168] 4| 13$x17}}257 219 28°—30° API No 342,910 | 776 
2) 4) A Ee 180 121) 4] 113x15 |300 150 0.5% 8 No 148,410 648 
Plian|t 430 289 369 491,320 | 732 
1209) 1} 4|M TP 215 144| 3] 144x18 |300 188 262,700 |..... . 
2) 41M TP 215 144] 3] 144x18 |300 188 252,790 |...... 
Pljan|t 430 288 376 515,490 |1,160 
247| 1| 2|M|C| TP | 240 161| 4] 14 x17 |257 | 200 258,090 
2| 21M} C} TP 100 m 67| 2| 14 x17 |257 75 Cc 227,150 |.. 
3] 2|M| C] TP 50m 34| 1) 14 x17 |257 40 200}. 4,800 |...... 
Pllanit 390 262 315 490,040 | 775 
187) 1} 2)M| C] TP 140 94) 2} 14 x17 |300 V1 b asus 
2| 21M} C] TP 210 141] 3} 14 x17 |300 170 Bh 
Pljan|t 350 235 281 315,879 | 246 
688] 1] 2)/M| C| TP 50 m 34| 1) 14 x17 |257 38 
2) 2|M| C| TP 120 81] 2) 14 x17 |257 90 
3} 2|M|C} TP 180 121} 3] 14 x17 |257 150 
Plian|t 350 236 278 412,000 | 572 
774| 1] 4A TP 165 111} 4) 11$x15 |277 28°—30° APL 82,600 | 543 
2) 4, A TP 180 121} 4) 112x15 |300 0°F Pour Test 34,222 526 
Plian|t 345 232 66,822 | 535 
857| 1| 2|M|C| TP} 180 121] 3] 14 x17 |257 287,600 |..... 
2) 21M| C) TP 150 m 101) 3) 14 x17 |257 124,536 |...... 
Plianit 330 222 412,136 | 339 
265) 1) 2}M| C| TP 60 40) 1] 24 x17 3257.) 48: 1927 SIZSA9O0) ose dio seis faeces |inceescief |: a. uiveimimcinieislel|| 2. 0 00 Rts el are eae aa 
2| 2|M| C} TP 120 81| 2) 14 x17 1257 | QO JA92TNB2BO Tee ecccfe ccc |awernpeccevcs| pik:  Ul>venenncie|it OO maa AbD | 11 Si Ts ee ee 
3} 2}M| C| TP 140 94) 2/544 x17 1800'| 111 ]1932 IS; 28D] Naccecclsesec| scenic nsec [Jn | pistes. cB Ml ake) Mmmm OCC demure 
Plilan|t 320 215 262,100 | 428 
1055) 1) 41M TP, 320 215} 4) 15 x183|300 521,127 |1,603 
27| 1| 2|M Aue 75m 50| 2) 12 x15 /300 |........ 
2) 2}M| C] CHa] 240 161} 4] 124x1831325: [occ . cc 0{1926 fod cc|eeccrce|ewernfesonr|occceestensroeciecwssccsntscacaivieriesecce es 
Plian|t 315 Dye th ee | A Bt tadoac 203, 800 
737| 1) 2)M|C} TP 100 m 67| 2) 14 x17 |257 221,788 442 
2| 2)M| C| TP 75 m 50} 2] 12 x15 |300 379 
3} 2;M| C} TP 50 m 34] 1) 14 x17 |257 187 
4) 2|M| C] TP 80 m 54] 2} 124x134/300 180 
Plian|t 305 205 367 
382| 1) 41M TP 150 101| 4] 94x14 |300 36°—40° API; 1.0%8; |No| 168,500]..... 
2) 4|M TP 150 101} 4] 94x14 |300 Ash—Nil; CC—Trace §|No| 85,500]..... 
Plian|t 300 DANY) Wiad (Ee deren 762 
858] 1) 2)M|C| TP 150 m 101| 3] 14 x17 1267 | “125° \4920cel4, O74) Jose |e one] ccrves|= «an nin|Ni Oy Ml eiceolsmmml cUeeee Rs a SS Oi tae ace 
2) 2iM| C| TP 120 81] 21 14 x17 1257 | 90! 11920. 4 608|lee ere sche. come ect] scene cpp OO Wo ceen eel) B70 7 SR NaS VET ee al ee 
Pllan|t 270 182 18: 
31° API; 37 SSU @ 100F; 
169} 1) 4/M|..| TP 240 161} 6} 10}x133)/327 2 0.61% S; eer CC; 84,090 | 47! 
Ash— Nil; BS&W—Trace 
677| 1) 2)}M|C} TP 240 161] 4) 14 x17 |257 235,000 | 39: 
591) 1) 4) Al..| TP 225 151] 3] 18}x24 |150 329,143 | 56: 
984) 1) 4) A TP 225 151] 6} 9}x134)400 82! 
318] 1| 2)/M| C| CHa 100 67| 2] 12}x13}|327 oa 
2) 2\M| C} TP 50 m 34] 1] 14 x17 |257 oan 
3} 2|M| C) TP 374m 25] 1] 12 x15 |300 oa 
4| 2\M| C] TP 25m 17| 1) 10 x18 |325 ue 
Pllan|t 2124 143 23 
1193] 1} 2)/M!C| TP 200 m 134) 4] 14 x17 |257 26°—30° B; 0.5% S; 424,400 | 70 
0.1% CC; 0.1% BS&W 
733] 1] 2|M| C| CHa 100 67] 2| 12}x134|327 1,130 oan 
2| 21M| C| TP 75m 50| 2} 12 x15 |300 F Delivered by Tank Wagon 1,005 |.... 
Plian|t 175 117 2 2,135 | 50 
er 1) 2)M|C} TP 120 81| 2| 14 x17 |257 38°—40° API 8,990 4 
1201| 1) 2)M| C} TP 225m 17] 1} 10 x12 |325 , re A .|\ 28°—38° API; Delivered 18,135 |.... 
2| 2iM| C} TP 75m 50| 1) 14 x17 |300 : ee. Partly by Tank Wagon 40,415 |.... 
Plian|t 100 67 8 1 


TABLE III—ENGINE DETAILS AND OPERATING INFORMATION (Page 7, Continued) 


LoaDInG S be w (8 ¢ MAINTENANCE AND REPAIRS ATTENDANCE 
z= = g ‘S se a | 2° 
2 12/8 & | 2. | Se |sSl2 x 8 BeElss = 5 
> 5 col =I = 2c o 25 =I = 2a 2 
2: E lese|.| 2 |elostees| 22 | 22 |: a 221284) 3 le [2/4 |= 
2 aS HElo| ZS By B32 | 58 /53ias a Sos 2S 2 & al|2ss ‘= iS ban Le) a) 
e iSe| fo [BelvSiel S| & | 27 | 27 lscise| Fae | E57 [2s E & lsglgel| (2 [ale |= 
Slee) Ey fcleeis|2| 2 | 24) sh estes| E25 seh [As aze % lesleee] 2 l2 | slaelb |. 
w l22| Se leZleee|8| 2 | 58) 5S |-sl-2| 389 2n6 |28r 2258 5 selgee| s |gel e/=e/38 |4 
BRE! Bo lcgcelsl=| 3 | SE ee Ss\eg|_ ce! SSS [bes] Eee [eelézlsse| = esl 2 | xe |eel 3 
eer st eteslcls=| S | $e] se legals ig < ret RS BESS S52) aa ms| = s=|ailz 
S |S eal ae} £5 @& |or|os Shy . BE Seed eeea cee es pra oan = eo 
1 [52/2 alexis] | & | ES | Se [EE|E5| Mate-| Brice |Mate/muira/ZSm| BBs = SSB aise=| 5 [Es = | 3) Fa| 2 
Slee|cek js lliSle} a] & | <5 | <5 [Eelfe} rial | Labor] rial | Labor |& eo4 Sane Zzalea\lsea| 2 |22|2)/62/28] 5 
‘| 165 |35.3/36.2| A] No 0 0 0 Valves; Springs; Injec- | 0 315 
| 84 |35.3)36.6] A) No 292 0 0 0 140.63 tion Nozzles, ete. 0 
Hl 67 |29.4/29.4) A] No 0 0 0 
b (44.2) 202 50 100; N|N 2,565 
65 |35.6/22.9] A] Yes 279 52 36 | 21 \ Pistons; Bearings; 2 471 
. 155 |35.6/27.3] A} Yes 0.86 |; Piston Pins and 2 
60.8] 220 85| 130| P | N Bushings;etc. § | | ###| | 259] 9|1 | 181/..... 
4 105 |35.6/33.7 Yes (—————_ 125 ——————_}| 0.76 | Piston Rings & Gaskets]....].....]...... 695 
me 105 |35.6/33.7}) A] Yes {—_————_ 125 —————_—}| 0 76 | Piston Rings & Gaskets]....].....]...... 365 8]1 
fe 72 |35.3]/31.4| A] Yes ( 1,029 J BcBB ih) © ae lie Wii vt sah ed deve a 365 8|1 
i 48.8) 165 60 WO he. B | | | 2.84 Bes gg 17) 365 8/1 50} 300 
Rn Seated TD ee. ee | | een | eee norte eo) 10 | 120 600} 313 Sek 885 
ree 95 |35.3/27.7| A} No a ———}114.00}}.. 0... eee cece eee eee 48 672] 313 | 8] 1 
bk. BOM CUMAO COATING ID EMEPOL Stn Boy Neo ae Ree ENT JN. ce cco eratbie Oratetetuaie tee 0 200} 313 8) 1 
; 146.7) 233 75/95 | 95/120) N | N 156 | 8] 1 84/1, 464 
15 152 |74.1/67.1) A] No 129 0 290 0 | 1.68 | 1-Lub.Oil P; Exh.&A.V.| 1 | 240 0 He ie lig | 
; 339 ZL 
9 115 |73.0/69.4| A] No 0 0 0 0 0 0 0 0 ce 8 ' 
2 
36.5) 152 55 110;}S |B 0.98 52 8} 1 867 
M2 154 |63.7|68.1) A] No \ 0 0 0 8-Spray Valve Check 0 Oates ae 365 Ak 1209 
4 147 |63.7|65.0} A} No 7 0 0 0 |40.02}|; bodies; 24-Spray Valve] 0 OnlNe cer 365 | 10} 1 
40.7} 154 70} 110; N]N Strainers; Gaskets 365 | 10] 1 54/1, 290 
‘2 158 |35.3/34.6] A} No { 0 0 0 Replaced Snap Rings | 0 0 : 247 
1) 75 |29.4/32.9] A] No 88 0 0 0 |{0.23}|; with Double Seal 0 0 12) 365] 8 
6 25 |29.4/21.9] A] No 0 0 0 Rings 0 0] 365 | 8 
43.4] 225 55] 1200; N/|N 365] 8 56/5, 000 
110 |35.3/41.3| A} No 17 0 0 0 | 0.12 |(Reconditioned Spray 0 0 43] 355 | 10a 187 
140 |35.3/35.0} A] No 29 0 0 0 | 0.14 |\ Nozzles 0 0 21) 361 | 4 
See Ph Pe TBR bass: 105 | N|N 0.13 25 1} 560 
Se 29.4 .| A] No 0 0 1-Piston Pin andjBush- 688 
Beier 35.3]....| A] No 125 0 40 0 |(0.47)]; ing 
Sore 35.3 A| No 0 
CECE] GGT OS St RR) Fae (ee) (BSS ol eo eer N|N 46| 870) 
d 100 |72.6)65.4] Al No 0 0 0 0 0 | None 774 
7 100 |73.1|60.4) A] No 0 0| 653} 200 | 4.74 | 1-Cyl. Head’and Piston 
67.4] 100 90] 110; NN DAT | > Py RS, Fee Treas Sarees fee 1,100 
dood 35.3 A| No Cylinders and Pistons; |....}.....|...... 857 
mae hare ———_— 2, 261 6.85 Crank Pin Bearings Satara Ia ctete ed ats alors) 
19}40°8) 110 |29.4|...:| A] No] B |......].....- LIN 42/4,010 
| 3 0 |35.3}26.3] A] No 0 0 1-Cyl. Head; Rings; |....}.....]...... 265) 
65 |35.3)28.5] A] No 80 0 |; 100 0 |{0.56}]; Gaskets;ete. = = = |....].....]....-- 
: 100 |35.3/37.6] A] No 0 | ee ON SE cold Mareen 
39.6) 115 90} 110); N|N 894 
+ 28.4 180 }64.6]54.1| A] Yes] D =| 125) 14400;/N{N { Of} £=OF OF} OF} OF} None — J....J..... 1,053} 1055 
am \..::-. 29.1)....| Al. 27 
Rea tsis 45.0 Al... 
ie ele ioe c eee ee ee Ges (hm wh UME ro Ieagsec) | I Oe el ee Pel) abhi se. 
70 |29.4|30.7| A] No 1,18)| (Piston Rings 737 
1 55 |29.1/32.0] A] No 
30 |29.4]25.9] A] No 
50 |33.8/31.3] Al No 
56.3} 110 1,300 
éoungs 99.7]....] A] Yes } 0 0 0 ed (osen Valve merstaiete 382 
ear 99.7 .| A] Yes 4 0 0 0 Repairs Rapune 
Sm hh FAL pssst abe aise M|N 875 
Men. 35.3 Al No 0 1-Cyl. and Piston AOA ORE paccdee 858 
Basees 0 0 | 4.37 weap eects | ae seine 20/4, 509 
26.7} 61 |29.4 AIENO || BiPPett... = «|ccceat 
)|28.8) 160 |77.6]77.1] A} Yes] B- }...... AOE MVB YEN: deseciete | eee ate Sle oiate | rine eoih awe on No Major Parts §| O| OJ...... 20} 169 
74.1) 185 |35.3}29.6) A] No 70 110}; N|N 149 50 0 0 | 0.83 | Piston Rings 730} 677 
166.8} 160 |63.0/66.8] A] No 90] 130| N|N 52 20 0 0 | 0.32 | P.R.& Spray V. Parts} O| O]...... p : 578] 591 
4, |48.5) 180 |77.6/92.5) Al Yes Ol ease N|N 15 0 0| 0.10] NoMajor Parts §$| O| OJ...... ates 190] 984 
ie 62 |37.2/34.4| Al No o| 0 318 
i. 33 }29.4|28.8) A] No 0 0 
Py] | ao fesalinala} 88 3) 8 
F oe 9.8)17.5 ° 1,275 
64.0) 115 |29.4}25.2) A] No 55 110; N|N 63 46 0 0 | 0:54 | 1-Crank B; Minor Parts} 0} Oj]  62/{3851 | 8b] In].....]..... 1193 
66 |37 2/36.7| A} No 0 0 0 0 0 | None 733) 
54 |29.1/31.4] A] No 0 0 0 0 0 | None 
MIME OVA) lovcesc[occoest NN | Pe SP ff eee fees 850 
ha | 35.3 A] No fa 120 B 80. 0.67 | (Seegg 18) | IT 64..... 600] 646) 
10 |32.3119.0| Al No { } 0 0 0 (ons) as ae 1201 
s. 23 |37.8|17.4| A] No 8 0 0 OL CET ae i tO eS oa 2 
Bese} «23 65] 108|N|N 3,400 


NOTES OF TABLE III 


(R—Rings); (Rb—Rebabbitt); (S—Seats); (Sc—Silencer Coils); (T—Thrust); (V—Valves); (W—Water). 
991—6-Piston Rings; 2-Cooling Tubes; 10-lbs. Babbitt; 12-L. P. Valve Blades. 


992—1-Cyl. Liner; 1-Cyl. Head Gasket; 2-Long Studs (Piston cooling); 2-Head Bearings; 


og—Abbreviations—(A—Air); (B—Bearings); (C—Cooler); (Cp—Compressor); (F—Fuel); (H—Head); (L—Liner); (M—Manifold); (P—Piston); (Pu—Pump); (Pl—Plunger); 


55 lbs. Babbitt; 2-H.P. Valve Screws, 2-H.P. Valve Plates, 1-H.P. Cooler. 


993—1-Cyl. Liner; 2-Crank Bearings; 5-Head Bearings; 1-H.P. Cooler (rebuilt); 1-Piston Cooling Tube; 1-H.P. Drain Valve; 3-H.P. Valve Screws; 3-H.P. Valve Plates; 10-Cyl. Head 
Gaskets; 9-Cyl. Liner Gaskets; 12-Piston Scraper Rings; 24-Piston Snap Rings; 12-Piston Double Seal Rings. 


gg4—1-H.P. Cooler; 1-Main Bearing; 4-H.P. Valves (Suction 


16-Piston Double Sea’ Rings. 


); 4-H.P. Valves (Discharge); 6-Cyl. Head Gasket; 


g95—1-Fuel Pump Plunger and Bushing; 2-Fuel Pump Springs; 1-Set Governor Balls and Separator. 


gg6—Governor Spring Assem.; Exh. Valves; Piston Rings. 


997—Crank Pin Bearing Bolts; Exh. Valve and Springs. 


g98—1-Liner; 1-Piston Pin and Bearing; 1-Set Governor Bevel Gears (10-Con. Rod Bearings, 
999—4-Cy1. Heads; 1-Piston; 2-Piston Rods; 2-Con. Rods. 


9910—1-Crk. Pin Bolt; Gov. Drive Gear; 5-SKF Bearings; 3 Rings. 
gg11—1-Inj. Valve; 1-Receiver Hd.; 1-Comp. Piston; 1-Fuel Pump Plunger. 
9g12—Rebabbitt 4 Cr. Pin Brs.; 1-Piston Pin Br.; 1-Cr. Pin; Fuel Pump Drive. 
gg13—Rebabbitt Cr. Pin Brs. 10 Times; 17-Rings; 1-Comp. Liner and Rings. 


ggi4—Starting Head for 1 Cyl.; 1-Rocker Arm Bushing; 


ggl5—1-Wrist Pin; 1-Cyl. with Piston Rings; 2-Crank Pin Bearings; 


ggi6—1-Piston; 3-Wrist Pin; 2-W. P. Bushings; Gasket. 


1-Speed Control Shaft. 
Bushings; 2-Wrist Pin Bearings; 1-Wrist Pin; 1-Crank Pin Bearing. 


gg17—1-Cyl. and Piston; 3-W. Pins and Bushings; 1-Conn. Rod Bearings; Piston Rings; Gaskets. 
9918—4-Piston Rings; 4-Water Chamber Gaskets; 24-Cyl. Head Gaskets. 


Insaction SysTEM: 
A—Air 
M—Mechanical 


Scavenaine System (2 Stroke Cycle Only): 


C—Crank Case Compression 
P—Attached Pump or Blower 
B—Independently Driven Blower 


Luericatine Or TREATMENT: 
CC—Continuous Centrifuging 
BC—Batch Centrifuging 
Cent—Centrifuging (Kind Not Stated) 
C—Chemically 
F—Filtering 
S—Settling 


a—Cylinders Closed off from Crankcase 


b—No Deduction Made for Motor-Driven Scaveng- 
ing Blowers 


c—60 Minute Peak Load 

d—Before beginning of Reported Period (March 1st) 
e—Injection Air Compressor Air is Filtered 
f—Waited 870 Hours for Parts; This Time Included 
g—Entire Labor Cost 


h—No_ Deduction Made for Motor-Generator 
Excitation 


i—Type Ain Summer; Type B in Winter 
j—Average for 24 Hours 

k—Secondary Water also Soft 
{—Recirculated; Temperature of Source 


LETTERED NOTES 


Nature oF Fst: 
API—American Petroleum Institute 
B—Baume 
SSU—Seconds Saybolt Universal 
SSF—Seconds Saybolt Furol 
S—Sulphur 
CC—Carbon by Conradson Method 
BS&W—Bottom Sediment and Water 


Piston Coouine: 
A—Air 
W—Water 
O—Oil 


m—Semi-Diesel Engine 

n—Part Time on Diesel Plant 

o—K.W.; Direct Current 

»—Changed under NRA; but Man-Hours Unaffected 
g—lIce Plant attended also by Reported Staff 
+—Summer-Winter Conditions 


s—Does Not Include $1,885 for Cast Iron Piston 
Heads Replacing Steel; Made for Operating 
Reasons and charged to Capital Account 


t—Arranged for Supercharging; Not Supercharged 
in Practice 

u—Estimated 

t—Installed in Plant No. 53 in 1926 

w—Installed 25th Day of 5th Month of Period 


material gratis by manufacturer). 


6-Cyl. Liner Gasket; 16-Piston Scraper Rings; 32-Piston Snap Rings; 


Hear Utiization: 
N—Not Utilized 
B—To Heat Building 
F—To Heat Fuel Oil 
L—To Heat Lubricating Oil 
T—Thawing Ice Cans 
P—To Process 
M—Boiler Feed Makeup 
W—Hot Water Supply 
S—To Swimming Pool 


z—Horizontal Engine 


y—Supercharged to Give Sea Level Rating at 
9,200 feet Altitude 


z—Sold for 257 RPM; Operated at 234 RPM 
aa—Date of he Installation; Installed in Plant 862 


in 192 

bb—Belt Driven Generator 

cc—Date Installed in Reported Plant; First installed 
Date Unknown 

dd—Date of First Installation; Date Installed in 
Reported Plant Unknown 


ee—Waited Two Weeks for Parts; This Time Included 


ff—(a) indicates 2 similar shifts. 
(b) 3 similar shifts; (c) 4 similar shifts. 


